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4.0 NATURE AND EXTENT OF GROUNDWATER CONTAMINATION 

4.1 Introduction 
0 

The purpose of this section is to define the current nature and extent of groundwater analytes 
of interest (AOIs) at the Rocky Rats Environmental Technology Site (RFETS or site) after the 
accelerated actions are complete. In determining the horizontal and vertical extent of 
groundwater AOIs, this section evaluates groundwater constituents present in both the upper 
hydrostratigraphic unit (UHSU) and the lower hydrostratigraphic unit (LHSU) at RFETS. The 
UHSU at RFETS consists of the unconsolidated surficial deposits, weathered bedrock, and 
sandstones (for example, the Arapahoe No. 1 Sandstone) hydraulically connected to the 
overlying strata. The LHSU is composed of the unweathered bedrock of the Arapahoe and 
upper Laramie Formations that underlie the UHSU. AOIs are those analytes that are present 
above background concentrations and surface water standards' or drinking water maximum 
contaminant levels (MCLS)~ and form contiguous, mappable contaminant plumes. 
Groundwater AOIs identified in this section will be further evaluated in Section 7.0. 

Data used in this section are the result of previous investigations conducted at the site, from 
sitewide sampling programs, samples collected after accelerated actions were implemented, 
and samples collected during the sitewide Remedial Investigatiofleasibility Study (RWS) 
effort to support the Comprehensive Risk Assessment (CRA). This groundwater nature and 
extent evaluation is based on data collected between June 28, 1991,3 and July 31,2005. 
Section 4.2 presents a brief chronology of groundwater monitoring at RFETS to provide a 
historical perspective of groundwater characterization and monitoring at the site. 0 
4.2 Groundwater Monitoring at RF'ETS 

Groundwater monitoring has been conducted at RFETS since the first groundwater monitoring 
wells were installed in the vicinity of the original Solar Evaporation Ponds (SEP) in 1954. 
Additional wells were installed in 1960,1966, and 1971. Until 1974, groundwater monitoring 
focused primarily on the detection of select radionuclides and major ions (for example, nitrate 
and fluoride), and the measurement of pH (Boss 1973). Additional wells were installed, and 
the groundwater monitoring program was expanded in 1974 in conjunction with the U.S. 
Department of Energy (DOE) and U.S. Geological Survey (USGS) efforts to characterize the 
hydrology of the site (Hum 1976). Additional wells were installed in 1981 and 1982 as part of 
the first Resource Conservation and Recovery Act (RCRA) groundwater monitoring program. 
The groundwater monitoring program was expanded significantly in 1986 when DOE entered 

L 

a 
\' 

See Section 4.4.3 for the source of surface water quality standards applied to RFETS groundwater. 
* MCLs have been established by the U.S. Environmental Protection Agency (EPA) for many chemical 
contaminants and represent the maximum permissible level of a contaminant in drinking water. MCLs are listed 
in 40 Code of Federal Regulations (CFR) 141. Where an MCL for a particular contaminant is lacking, the 
residential groundwater ingestion-based preliminary remediation goal (PRG) will apply. If the practical 
quantitation limit (PQL) is higher than the surface water standard, MCL, or PRG, the PQL is used as the 
comparison value. For simplicity, MCLs, PRGs, and PQLs are hereinafter referred to as MCLs. 

to the 1991 Interagency Agreement (IAG). 
This date correlates to the approval of work plans and Sampling and AnaIysis Plans ( S A P S )  developed pursuant 
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into a Compliance Agreement with the State of Colorado, followed by the site being added to 
the National Priority List (NPL) by the U.S. Environmental Protection Agency (EPA) in 1989. 
Groundwater monitoring after 1986 included hazardous, nonhazardous, and radiological 
constituents to facilitate a comprehensive understanding the nature and extent of groundwater 
contamination. 

In 1991, DOE, EPA, and the Colorado Department of Public Health and Environment 
(CDPHE) entered into the Interagency Agreement (IAG), which was superseded by the Rocky 
Flats Cleanup Agreement (RFCA) in 1996. The Integrated Monitoring Plan (IMP), required 
under FWCA to implement environmental media monitoring programs at the site, serves as the 
current groundwater monitoring plan for RFETS. The IMP outlines the monitoring goals for 
groundwater and describes the various components of the groundwater monitoring program. 
The IMP, originally published in May 1997, replaced the Groundwater Protection and 
Monitoring Program Plan (EG&G 1993a). Since Fiscal Year (FY) 2004, the IMP has been 
updated quarterly (as needed) and annually to reflect changes to the monitoring programs. 

+. = 

IMP updates include input derived from consultation with the regulatory agencies @PA and 
CDPHE), cities, and stakeholders. This consultative process determined the locations of new 
monitoring wells, analytical suites for new and existing monitoring wells, well abandonment 
and replacement, and the overall design of the current monitoring network. Agency and 
community input was obtained by DOE, and DOE strategies were transmitted to the 
communities through quarterly information exchange and Water Working Group meetings. In 
addition, IMP meetings were frequently scheduled to address the evolving nature of the IMP 
as the site moved toward closure. City and stakeholder participants included, but were not 
limited to, representatives of the City and County of Broomfield, City of Arvada, City of 
Westminster, City of Northglenn, City of Thornton, Rocky Flats Coalition of Local 
Governments (RFCLOG), and Rocky Flats Citizens Advisory Board (RFCAB). 

Table 4.1 presents a summary of well installation and routine monitoring activities at the site 
to date. In the following discussion and Table 4.1, the term wells also includes well points and 
piezometers, which were generally installed to measure water levels, but were properly 
developed and used to periodically collect groundwater samples for analysis. However, not all 
of the wells listed in Table 4.1 have been sampled and analyzed for groundwater constituents. 
Wells that were not sampled did not meet the data quality objectives (DQOs) of the project. 

Table 4.2 provides a summary of the well completion details of the wells used in the 
groundwater nature and extent evaluation. 

4.3 Groundwater Data 

4.3.1 Data Source 

Groundwater data used in this evaluation were extracted from the Soil Water Database (SWD) 
using procedures developed to support the CRA (Appendix A, Volume 2, Attachment 2). The 
groundwater data extracted consisted of analytical records that represent the time period from 
June 28, 1991 to July 31,2005. Only data deemed “CRA Ready = Yes” were used in this 
evaluation. Additional data reduction steps are included in Attachment 1. Groundwater data 
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have been collected from 939 UHSU wells (Figure 4.1) and 68 LHSU wells (Figure 4.2) since 
June 28, 1991. These records include analytical results for pesticides, herbicides, fungicides, 
aroclors (polychlorinated biphenyls [PCBs]), dioxins, furans, semivolatile organic compounds 
(SVOCs), volatile organic compounds (VOCs), total and dissolved metals, total and dissolved 
radionuclides, and water quality parameters. 

Data that were used to evaluate the groundwater nature and extent included 529,055 records, 
including 488,621 records for the UHSU and 40,434 records for the LHSU. These data 

,- included 1,607 records for tentatively identified compounds (TICs). TICs found in the 
groundwater data are organic compounds that do not have surface water standards or MCLs 
and were not further evaluated. Specific data used for evaluation of the groundwater nature 
and extent are described below and presented on a compact disk read-only memory (CD 
ROM) in Attachments 1 (UHSU) and 2 (LHSU). 

4.3.2 Data Adequacy and Data Quality 

Groundwater data adequacy and quality of the data used in to evaluate groundwater nature and 
extent were evaluated in Appendix A, Volume 2, Attachments 2 and 3. The distribution of 
data, both spatially and temporally, was assessed to ensure that the nature and extent of 
contamination is well characterized. The results of the data adequacy assessment are 
presented in the Data Adequacy Report (Appendix A, Volume 2, Attachment 3). Data quality 
was assessed using a standard precision, accuracy, representativeness, completeness, and 
comparability (PARCC) parameter analysis (EPA 2000). The Data Quality Assessment 
presented in Appendix A, Volume 2, Attachment 2 is based on an evaluation of site-wide field 
and laboratory control samples. Data used to evaluate groundwater nature and extent met data 
adequacy and data quality criteria for the CRA. 

4.4 Identification of Groundwater AOIs 

1 

0 

Groundwater AOIs were identified using the screening approach shown on Figure 4.3. This 
approach is described in the following sections. Groundwater analytes listed in Table 4.3 for 
the UHSU and Table 4.4 for the LHSU were screened using this approach to determine the 
AOIs for these hydrostratigraphic units. 

4.4.1 A 0 1  Screening Step 1 - Background Comparison 

Groundwater analyte results were compared against background values where available. The 
background values used for comparison were obtained from Tables C-6 through C-10 in 
Appendix C of the Background Geochemical Characterization Report (DOE 1993). These 
values are 99/99 upper tolerance limits (UTLs) for various constituents by flow system (for 
example, UHSU or LHSU). A 99/99 UTL defines a value that contains 99 percent of the 
population with 99 percent confidence. 

Background values are not available for organic constituents and other select inorganic and 
radionuclide constituents. In this evaluation, detection of these constituents above the 
detection limit indicates their presence in the environment. Laboratory qualifier codes were 
used to identify whether a constituent is detected or not. 0 
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In A01 Screening Step 1, groundwater analytical results are compared with the corresponding 
background value (99/99 UTL). For those analytes where all past sample results are below the 
corresponding background concentration, the analyte is eliminated as a potential AOI. 
Analytes that have at least one sample result above the background concentration are carried 
forward to A 0 1  Screening Step 2. For analytes that do not have a 99/99 UTL (for example, 
organic constituents) and are detected above the detection limits, this screening step is skipped 
and the analyte proceeds to A01 Screening Step 2. 

4.4.2 A 0 1  Screening Step 2 - Determination of Surface Water Standard 

To evaluate the potential for impacts to surface water quality, A01 Screening Step 2 
determines whether a surface water standard exists for the groundwater constituent. For 
groundwater constituents that have a surface water standard and appropriate methodology 
(that is, total versus dissolved analysis; Table 4.3 and Table 4.4), the constituent is carried 
forward to A01 Screening Step 3. For groundwater constituents without a surface water 
standard, the constituent proceeds to A01 Screening Step 4, where it is compared to MCLs. 

4.4.3 A 0 1  Screening Step 3 - Surface Water Standard Comparison 

The Colorado Water Quality Regulations apply surface water standards as the groundwater 
quality standards for RFETS groundwater with the use classification defined as surface water 
quality protection (see 5 Colorado Code of Regulations [CCR] 1002-42.7[1]4). The surface 
water quality standards applied to groundwater are the RFETS site-specific and statewide 
standards in 5 CCR 1002: 

0 Statewide surface water radioactive materials standards in Section 31.1 l(2): 

Statewide surface water interim organic pollutant standards in Section 31.11(3);6 and 

Site-specific surface water quality standards for segments 4a', 4b, and 5 of Big Dry . 

Creek in Section 38.66 of the South Platte Basin Classifications and Standards. 

In A01 Screening Step 3, groundwater results are compared with the corresponding surface 
water standard. The surface water standard is defined as the greater of the lowest surface 
water standard or the practical quantitation limit (PQL). Basic surface water standards 
considered include water supply, water + fish, fish ingestion, acute aquatic, chronic aquatic, 
aquatic life class 2, agriculture, and site-specific surface water standards for Walnut and 
Woman Creeks. 

Colorado Water Quality Control Commission (WQCC) Regulation No. 42, Site-Specific Water Quality 4 

Classifications and Standards for Groundwater (5 CCR 1002-42), Amended August 13,2001, Effective 
September 30,2001. 

Colorado WQCC Regulation No. 31, The Basic Standards and Methodologies for Surface Water (5 CCR 1002- 
31), Amended November 8,2004, Effective March 22,2005. 

Colorado WQCC Regulation No. 38, Classifications and Numeric Standards South Platte River Basin, Laramie 
River Basin, Republican River Basin, Smoky Hill River Basin (5 CCR 1002-38). Amended September 13,2004, 
Effective January 20,2005. 
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For groundwater analytes where all sample results are below the surface water standard, the 
analyte is eliminated as an AOI. Groundwater analytes that have at least one sample result 
above the surface water standard are retained, and the analyte proceeds to A01 Screening 
Step 5. 

4.4.4 A 0 1  Screening Step 4 - MCL Comparison 

To evaluate the drinking water exposure pathway for those constituents that do not have a 
surface water standard, in A01 Screening Step 4 groundwater results are compared with the 
corresponding MCL.7 For groundwater analytes where sample results are below the MCL, the 
analyte is eliminated as an AOI. Groundwater analytes that have one or more sample results 
above the MCL are retained, and the analyte proceeds to A01 Screening Step 5. 

4.4.5 A 0 1  Screening Step 5 - Determination of Contiguous, Mappable Plume 

For each analyte that passes Screening Step 3 or 4, the most recent available sample result 
from each well is mapped to assess whether a contiguous, mappable plume exists. The most 
recent result at a well was selected to reflect current groundwater conditions at the site. A 
contiguous, mappable plume is defined as three or more adjacent wells with groundwater 
results that exceed the respective surface water standard or MCL. Based on the extensive well 
coverage at RFETS, three adjacent wells with groundwater contaminants above these 
standards are used as a basis for defining a contiguous plume for the following reasons: 

One well represents a potentially isolated occurrence of groundwater contamination. 

Two adjacent wells represent a localized occurrence of groundwater contamination 
with potentially limited spatial extent. 

Three or more adjacent wells represent a sufficient spatial extent to define a mappable, 
contiguous contaminant plume area. 

The surface water standard or MCL is used in Screening Step 5 to delineate boundaries for a 
contiguous, mappable contaminant plume. 

A contiguous, mappable contaminant plume is based on a number of factors including the 
relative location of adjacent wells, groundwater flow directions, and likely contaminant plume 
widths that result in a professional judgment as to the contiguous, mappable nature of potential 
groundwater contamination. Specifically, 

The relative location of adjacent wells was based on an approximate radius of 300 feet 
from a well(s) with contaminant concentrations above the surface water standard or 
MCL. This distance was derived during the development of plume isopleth maps for 
an RFETS report on the natural attenuation and biodegradation of volatile organic 
compounds in groundwater (K-H 2004). 

Based on using Colorado Water Quality Control Commission Regulation No. 41, The Basic Standards for 
Groundwater (5 Colorado Code of Regulations [CCR] 1002-41), Amended November 8,2004, Effective March 
22,2005. 
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0 Groundwater flow directions were obtained from the Site-Wide Water Balance Report 

The approximate width and length of contaminant plumes at RFETS were estimated in 
the RFETS report on natural attenuation and biodegradation of volatile organic 
compounds in groundwater (K-H 2004). Furthermore, median plume widths of 
chlorinated solvent plumes have been estimated by Aziz et al. (2000) as ranging 
between 300 and 750 feet. Because lateral dispersion is typically weak (Pankow and 
Cherry 1996), the width of contaminant plumes is largely dependent on the width of 
the source area, which at RFETS appears to be limited to 300 feet or less. 

If a contiguous, mappable plume does not exist, the analyte is eliminated as an AOI. If a 
contiguous, mappable plume does exist, the analyte is retained and proceeds to A01 Screening 
Step 6. 

(K-H 2002). 
0 

4.4.6 A 0 1  Screening Step 6 - Process Knowledge Evaluation 

A01 Screening Step 6 involves the determination of whether a constituent that has a 
contiguous, mappable extent should be retained or eliminated as an A01  based on process 
knowledge or other criteria involving professional judgment. This screen involves an ’ 

assessment of contaminants that cannot be reasonably expected to be AOIs based on historic 
site process knowledge, even though they may appear to form contiguous contaminant extents. 
A01 Screening Step 6 also involves other criteria (for example, stainless steel wells or pumps, 
improper well completion, aquifer geochemistry, and process knowledge) based on 
professional judgment, that may lead to the elimination of an analyte as an AOI. Process 
knowledge of a constituent’s historical use at the site, or lack of use, and professional 
judgment involving an understanding of a constituent’s natural occurrence and distribution in 
the environment, regional and local aquifer geochemistry, and well completion and sampling 
information, all provide useful information regarding whether a constituent is an A01 at the 
site. 

For example, cross-contamination of a monitored interval can occur during borehole drilling 
and well completion by dragging contaminated surface soil down into the screened interval 
resulting in misleading groundwater results. An example of this has been shown for 
americium-241 and plutonium-239/240 at the 903 Pad by comparing the results of 
traditionally- and aseptically-installed wells (Santschi, P.H. and K. Roberts, 2002). 

4.4.7 Results of UHSU A 0 1  Screening 

Based on the groundwater A01 screening process shown on Figure 4.3, 18 UHSU 
groundwater AOIs were identified and retained, including 11 VOCs, 4 metals, 1 radionuclide, 
and 2 water quality parameters. The frequency of detection for the UHSU AOIs above the 
surface water standards or MCLs ranges between greater than 0 percent and.less than 1 
percent (3 constituents), 1 to less than 5 percent (4 constituents), and greater than 5 percent (1 1 
constituents). The rationale for AOIs eliminated based on process knowledge or professional 
judgment (Screening Step 6) are summarized in Table 4.5. 

Groundwater AOIs identified and retained for the UHSU are listed in Table 4.6 along with 
summary statistics for each constituent. The summary statistics are based on all results 
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collected between June 28, 1991 and July 31,2005 for each constituent. The information 
presented in this table is listed in order of increasing frequency of detection above the lowest 
surface water standard or PQL (whichever is higher). Figure 4.4 shows the location of site 
features discussed in the following sections. Figure 4.5 through Figure 4.22 show the nature 
and extent of UHSU AOIs. The extent of other constituents evaluated in the UHSU that were 
not retained as AOIs are included on a CD ROM as Figures Al.l  through Al.201 in 
Attachment 1. 

4.4.7.1 PCBs and Dioxins 

No PCB or dioxin AOIs were identified in UHSU groundwater. Table 4.3 summarizes PCB 
and dioxin compounds analyzed for and reported in the UHSU data evaluated, but not retained 
as AOIs. UHSU PCB and dioxin AOIs that had concentrations above the surface water 
standards or MCLs at least once, but were not detected in three adjacent wells, are shown 
highlighted in Table 4.3. The extent of PCBs and dioxins evaluated in the UHSU that were 
not retained as AOIs are shown on the A01 extent maps in Attachment 1 (Figures A1.1 
through A1.lO). 

4.4.7.2 Pesticides, Herbicides, and Fungicides 

No pesticides, herbicides, or fungicides were identified as AOIs in UHSU groundwater. Table 
4.3 summarizes pesticide, herbicide, and fungicide compounds analyzed for and reported in 
the UHSU data evaluated, but not retained as AOIs. UHSU pesticide, herbicide, and fungicide 
AOIs that had concentrations above the surface water standards or MCLs at least once, but 
were not detected in three adjacent wells, are shown highlighted in Table 4.3. The extent of 
pesticides, herbicides, and fungicides evaluated in the UHSU that were not retained as AOIs 
are shown on the A01 extent maps in Attachment 1 (Figures A 1.1 1 through A1 -37). 

4.4.7.3 svocs 
No SVOCs were identified as AOIs in UHSU groundwater. Table 4.3 summarizes SVOC 
compounds analyzed for and reported in the UHSU data evaluated, but not retained as AOIs. 
UHSU SVOC AOIs that had concentrations above the surface water standards or MCLs at 
least once, but were not detected in three adjacent wells, are shown highlighted in Table 4.3. 
The extent of SVOCs evaluated in the UHSU that were not retained as AOIs are shown on the 
A01 extent maps in Attachment 1 (Figures A1.38 through A1.lO1). 

I 4.4.7.4 VOCs 

I Table 4.3 summarizes VOCs analyzed for and reported in the UHSU data evaluated, but not 
retained as AOIs. UHSU VOCs that had concentrations above the surface water standards or 
MCLs at least once, but were not detected in three adjacent wells, are shown highlighted in 
Table 4.3. The extent of VOCs evaluated in the UHSU that were not retained as AOIs are 
shown on the A01 extent maps in Attachment 1 (Figures A1.102 through A1.139). Table 4.6 
lists 11 VOCs that were analyzed for and reported in the UHSU data evaluated and retained as 
AOIs. See Section 4.5.1.1 and Figure 4.5 through Figure 4.15 for a discussion and maps of 
VOC AOIs. 
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4.4.7.5 Metals 

Table 4.3 summarizes metals analyzed for and reported in the UHSU data evaluated, but not 
retained as AOIs. UHSU metals that had concentrations above the surface water standards or 
MCLs at least once, but were not detected in three adjacent wells, are shown highlighted in 
Table 4.3. The extent of metals evaluated in the UHSU that were not retained as AOIs are 
shown on the A01 extent maps in Attachment 1 (Figures A1.140 through A1.174). Table 4.6 
lists four metals analyzed for and reported in the UHSU data evaluated and retained as AOIs. 
See Section 4.5.1.2 and Figure 4.16 through Figure 4.19 for a discussion and maps of metal 
AOIs. 

4.4.7.6 Radionuclides 

Table 4.3 summarizes radionuclides analyzed for and reported in the UHSU data evaluated, 
but not retained as AOIs. UHSU radionuclides that had activities above the surface water 
standards or MCLs at least once, but were not detected in three adjacent wells, are shown 
highlighted in Table 4.3. The extent of radionuclides evaluated in the UHSU that were not 
retained as AOIs are shown on the A01 extent maps in Attachment 1 (Figures A1.175 through 
Al.194). Table 4.6 lists one radionuclide analyzed for and reported in the data evaluated and 
retahed as an AOI. See Section 4.5.1.3 and Figure 4.20 for a discussion and map of the only 
radionuclide AOI. 

4.4.7.7 Water Quality Parameters 

Table 4.3 summarizes water quality parameters analyzed for and reported in the data 
evaluated, but not retained as AOIs. UHSU water quality parameters that had concentrations 
above the surface water standards or MCLs at least once, but were not detected in-three 
adjacent wells are shown highlighted in Table 4.3. The extent of water quality parameters 
evaluated in the UHSU that were not retained as AOIs are shown on the A01 extent maps in 
Attachment 1 (Figures A1.195 through A1.201). Table 4.6 lists two water quality parameters 
analyzed for and reported in the data evaluated and retained as AOIs, See Section 4.5.1.4 and 
Figure 4.21 and Figure 4.22 for a discussion and maps of water quality parameter AOIs. . 

4.4.8 Results of LHSU A 0 1  Screening 

Based on the groundwater A01 screening process shown on Figure 4.3, no groundwater AOIs 
were identified in the LHSU. The LHSU constituent extent maps for groundwater constituents 
not retained as AOIs are included on a CD ROM as Figures A2.1 through A2.209 in 
Attachment 2. The rationale for groundwater AOIs eliminated based on process knowledge or 
professional judgment (Screening Step 6) are summarized in Table 4.5. 

In evaluating the nature and extent of groundwater contaminants in the LHSU, given the wide 
distribution of wells, the conclusions of several studies were also considered along with the 
screening process (Figure 4.3) to determine the potential for contaminant plumes in the LHSU. 
An evaluation of well completion details, the presence or absence of overlying contamination 
in the UHSU, and the potential for LHSU to impact surface water quality was also considered 
in the LHSU evaluation. All of this information was used to determine whether potential 
AOIs should be retained or eliminated. 
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In 1996, an evaluation of vertical contaminant migration potential between the UHSU and the 
LHSU was performed for the site ( R M R S  1996) to determine whether trace contaminants 
found in the LHSU were derived from vertical migration of constituents from the UHSU. This 
study concluded that the LHSU is essentially hydraulically isolated from the UHSU. 
Hydraulic isolation is due to the LHSU groundwater existing in low-permeability claystones 
and vertical contaminant transport was likely limited. Furthermore, many of the trace 
contaminants found in LHSU groundwater may have resulted from cross-contamination 
during well installation. 

0 

Background geochemical characterization of the UHSU and LHSU, based on major ion and 
stable isotope geochemistry, revealed that these units have different groundwater chemistry 
(EG&G 1993b, 1995a, 1995b). This provides further evidence of their hydraulic isolation 
from one another and also strongly suggests that contaminants in the UHSU and upper LHSU 
do not pose a threat to water quality in the deeper Laramie-Fox Hills Aquifer (RMRS 1996). 
Furthermore, vertical hydraulic gradients between the UHSU and the LHSU generally 
indicated that vertical groundwater flow is from the UHSU to the underlying LHSU. This 
further suggests that groundwater in the LHSU does not discharge to surface water, and, thus, 
groundwater in the LHSU poses no threat to surface water quality (RMRS 1996; EG&G 
1995 a). 

4.4.8.1 PCBs and Dioxins 

No PCBs or dioxins were identified as AOIs in LHSU groundwater. Table 4.4 summarizes 
PCB and dioxin compounds analyzed for and reported in the LHSU data evaluated. Only 
hexachlorodibenzo-p-dioxin was detected above the surface water standard at least once, but 
was not detected in three adjacent wells, and is shown highlighted in Table 4.4. The extent of 
PCBs and dioxins evaluated in the LHSU that were not retained as AOIs are shown on the 
A01 extent maps in Attachment 2 (Figures A2.1 through A2.10). 

4.4.8.2 Pesticides, Herbicides, and Fungicides 

No pesticides, herbicides, or fungicides were identified as AOIs in LHSU groundwater. Table 
4.4 summarizes pesticide, herbicide, and fungicide compounds analyzed for and reported in 
the LHSU data evaluated. None of the pesticide, herbicide, or fungicide concentrations 
exceeded the surface water standards or MCLs. The extent of pesticides, herbicides, and 
fungicides evaluated in the LHSU that were not retained as AOIs are shown on the A01 extent' 
maps in Attachment 2 (Figures A2.11 through A2.36). 

4.4.8.3 SVOCs 

No SVOCs were identified as AOIs in LHSU groundwater. Table 4.4 summarizes SVOCs 
analyzed for and reported in the LHSU data evaluated. Only bis(2-ethy1hexyl)phthalate was 
above the surface water standard at least once, but was not detected in three adjacent wells, 
and is shown highlighted in Table 4.4. The extent of SVOCs evaluated in the LHSU that were 
not retained as AOIs are shown on the A01 extent maps in Attachment 2 (Figures A2.37 
through A2.98). 
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4.4.8.4 VOCs 

No VOCs were identified as AOIs in LHSU groundwater. Table 4.4 summarizes VOCs 
analyzed for and reported in the LHSU data evaluated. LHSU VOCs that had concentrations 
above the surface water standards or MCLs at least once, but were not detected in three 
adjacent wells, are shown highlighted in Table 4.4. The extent of VOCs evaluated in the 
LHSU that were not retained as AOIs are shown on the A01 extent maps in Attachment 2 
(Figures A2.99 through A2.146). 

4.4.8.5 Metals 

No metals were identified as AOIs in LHSU groundwater. Table 4.4 summarizes metal 
constituents analyzed for and reported in the LHSU data evaluated. LHSU metal constituents 
that had concentrations above the surface water standards or MCLs at least once, but were not 
detected in three adjacent wells, are shown highlighted in Table 4.4. The extent of metals 
evaluated in the LHSU that were not retained as AOIs are shown on the A01 extent maps in 
Attachment 2 (Figures A2.147 through A2.183). 

4.4.8.6 Radionuclides 

No radionuclides were identified as AOIs in LHSU groundwater. Table 4.4 summarizes 
radionuclides analyzed for and reported in the LHSU data evaluated. LHSU radionuclides that 
had activities above the surface water standards or MCLs at least once, but were not detected 
in three adjacent wells, are shown highlighted in Table 4.4. The extent of radionuclides 
evaluated in the LHSU that were not retained as AOIs are shown on the A01 extent maps in 
Attachment 2 (Figures A2.184 through A2.200). 

' 

4.4.8.7 Water Quality Parameters 

Nq water quality parameters were identified as AOIs in LHSU groundwater. Table 4.4 
summarizes water quality parameters analyzed for and reported in the LHSU data evaluated. 
LHSU water quality parameters that had concentrations above the surface water standards or 
MCLs at least once, but were not detected in three adjacent wells, are shown highlighted in 
Table 4.4. The extent of water quality parameters evaluated in the LHSU that were not 
retained as AOIs are shown on the A01 extent maps in Attachment 2 (Figures A2.201 through 
A2.209). 

4.5 Nature and Extent of Groundwater Contamination 

This section summarizes the nature and extent of groundwater contamination at RFETS. 
Eighteen AOIs were identified in UHSU groundwater at RFETS and their nature and extent 
are discussed below. No AOIs were.identified in the LHSU. 

For each of the 18 AOIs identified for the UHSU, maps were created to show the relative 
concentration and extent of AOIs at the site. These figures are presented as Figure 4.5 through 
Figure 4.22. For each figure, the results are displayed as six categories, as listed below, to 
identify the predominant areas of contaminant occurrence and extent: 
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Locations where the A 0 1  is not detected (gray); 

Locations where the A01  is detected but is less than or equal to the 99/99 UTL (blue). 
For organic constituents and other constituents without a 99/99 UTL, the 99/99 UTL is 
not applicable because background is assumed to be zero for these constituents; 

Locations where the A 0 1  is detected but is less than or equal to the surface water 
standard (that is, lowest surface water standard or PQL, whichever is higher) (green); 

Locations where the A01  concentration is greater than the surface water standard and 
less than or equal to the MCL (yellow); 

Locations where the A01 concentration is greater than the MCL and less than or equal 
to 100 times the MCL (orange); and 

Locations where the A01 concentration is greater than 100 times the MCL (red). 

A01 sampling location symbols are designed to show the approximate 5-year time interval 
that the sample was collected. The time intervals identified on the A01  extent figures are 
defined as: 

Sample collected between June 28, 1991, and December 31, 1994; 

Sample collected between January 1,1995, and December 31, 1999; and 

Sample collected since January 1,2000. 

These figures were constructed in a manner to avoid overposting of well locations 
where the potential A01 exceeded the standard. The A01 categories were layered so 
that the locations exceeding the standard are posted as the top layer and locations less 
than the standard are posted on the lower layers. If overposting occurs, the. locations 
that exceed the standard are overposted on locations that do not exceed the standard. 
Thus, locations that exceed the standard are not obscured by locations that are less than 
the standard. 

4.5.1 Extent of AOIs in UHSU Groundwater 

Each of the UHSU groundwater AOIs is mapped on Figure 4.5 through Figure 4.22 and is 
discussed by analyte group below. Figure 4.4 shows the location of site features discussed in 
the text. Groundwater A01 constituent plume maps are shown in Section 7.0. 

4.5.1.1 VOCs 

Benzene, carbon tetrachloride, chloroform, chloromethane, cis-l,2-dichloroethene, 
1,l -dichlorethene, 1,2-dichloroethane, methylene chloride, tetrachloroethene, trichloroethene, 
and vinyl chloride were identified a s  AOIs in UHSU groundwater (Table 4.6). Figure 4.5 
through Figure 4.15 show the areal distribution of the VOC AOIs in UHSU groundwater. 

Figure 4.5 shows the extent of 1,l-dichloroethene in UHSU groundwater. 1,l-Dichloroethene 
concentrations in UHSU groundwater are above the surface water standard (3.8 percent), MCL 
(3.8 percent), and 100 times the MCL (0.4 percent). 1,l-Dichloroethene occurrences above 
these standards are primarily found at Oil Bum Pit #2, the Mound area, the East Trenches 
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area, the 903 Pad, Individual Hazardous Substance Site (MSS) 119.1 (Operable Unit [OUl]), 
the Property Utilization and Disposal (PU&D) Yard, Building 771, and an area southeast of 
Building 37 1. 

Figure 4.6 shows the extent of 1,2-dichloroethane in UHSU groundwater. 1,2-DichIoroethane 
concentrations in UHSU groundwater are above the surface water standard (1.0 percent) and 
MCL (0.6 percent), but less than 100 times the MCL. 1,2-Dichloroethane occurrences above 
these standards are primarily found in the Mound area. 

Figure 4.7 shows the extent of benzene in UHSU groundwater. Benzene concentrations in 
UHSU groundwater are above the surface water standard (0.6 percent) and MCL (0.4 percent), 
but less than 100 times the MCL. Benzene occurrences above these standards are primarily 
found beneath the Present Landfill. 

Figure 4.8 shows the extent of carbon tetrachloride in UHSU groundwater. Carbon 
tetrachloride concentrations in UHSU groundwater are above the surface water standard (19.7 
percent), MCL (16.2 percent), and 100 times the MCL (5.1 percent). Carbon tetrachloride 
occurrences above these standards are primarily found south of Building 771 (Carbon 
Tetrachloride Plume, MSS 118.1), Mound area, in the East Trenches area, the 903 Pad and 
Ryan’s Pit area, LHSS 119.1 (OUl), and the central Industrial Area (IA) plumes. 

Figure 4.9 shows the extent of chloroform in UHSU groundwater. Chloroform concentrations 
in UHSU groundwater are above the surface water standard (15.1 percent), MCL (3.8 
percent), and 100 times the MCL (0.2 percent). Chloroform occurrences above these 
standards are primarily found at Building 771 (MSS 118.1), the East Trenches area, the 903 
Pad and Ryan’s Pit area, Oil Bum Pit #2, and the Mound area. 

Figure 4.10 shows the extent of chloromethane in UHSU groundwater. Chloromethane 
concentrations in UHSU groundwater are above the surface water standard (0.4 percent) and 
MCL (0.4 percent), but less than 100 times the MCL. Chloromethane occurrences above these 
standards are primarily found near Building 771 (IHSS 118.1) and Building 559. 

Figure 4.1 1 shows the extent of cis-l,2-dichloroethene in UHSU groundwater. 
Cis-1 ,2-dichloroethene concentrations in UHSU groundwater are above the surface water 
standard (3.8 percent) and MCL (3.8 percent), but less than 100 times the MCL. 
Cis-l,2-dichloroethene occurrences above these standards are primarily found at Oil Bum Pit 
#1 near Building 335 and the Mound area. 

. 

Figure 4.12 shows the extent of methylene chloride in UHSU groundwater. Methylene 
chloride concentrations in UHSU groundwater are above the surface water standard 
(5.0 percent), MCL (4.8 percent), but less than 100 times the MCL. Methylene chloride 
occurrences above these standards are primarily found near Building 771 (MSS 118.1), and 
the Mound area. 

Figure 4.13 shows the extent of tetrachloroethene in UHSU groundwater. Tetrachloroethene is 
one of the most common and widespread VOC contaminants in groundwater at RFETS. 
Tetrachloroethene concentrations in UHSU groundwater are above the surface water standard 
(29.5 percent), MCL (20.7 percent), and 100 times the MCL (2.7 percent). Tetrachloroethene 
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occurrences above these standards are primarily found in the East Trenches area, the 903 Pad 
and Ryan's Pit area, Buildings 443 and 444, IHSS 119.1 (OUl), Oil Bum Pit #2, the Mound 
area, near Building 771 (MSS 1 18.1), the PU&D Yard, and the central IA plumes. 0 
Figure 4.14 shows the extent of trichloroethene in UHSU groundwater. Trichloroethene is one 
of the most common and widespread VOC contaminants in groundwater at RFETS. 
Trichloroethene concentrations in UHSU groundwater are above the surface water standard 
(26.4 percent), MCL (22.8 percent), and 100 times the MCL (4.3 percent). Trichloroethene 
occurrences above these standards are primarily found in the East Trenches area, the 903 Pad 
and Ryan's Pit area, south of Building 440, IHSS 119.1 (OUl), Oil Bum Pit #1, Oil Burn Pit 
#2, the Mound area, east of Building 371, the PU&D Yard, the SEP (Pond 207-C), and the 
central IA plumes. 

Figure 4.15 shows the extent of vinyl chloride in UHSU groundwater. Vinyl chloride 
concentrations in UHSU groundwater are above the surface water standard (2.0 percent), MCL 
(2.0 percent), and 100 times the MCL (0.3 percent). Vinyl chloride occurrences above these 
standards are primarily found at Oil Burn Pit #I near Building 335, the Mound area, the 
Present Landfill, the Building 551 Warehouse, and the PU&D Yard. 

4.5.1.2 Metals 

Dissolved arsenic, total chromium, and dissolved and total nickel were identified as metal 
AOIs in UHSU groundwater (Table 4.6). Figure 4.16 through Figure 4.19 show the areal 
distribution of the metal AOIs in UHSU groundwater. Total constituent concentrations are 
determined using unfiltered samples and represent both aqueous and suspended particulate 
transport of constituents. Dissolved constituent concentrations are determined using a sample 
filtered through a 0.45-micron filter and represent aqueous transport of constituents. 

Figure 4.16 shows the extent of dissolved arsenic in UHSU.groundwater. Dissolved arsenic 
concentrations in UHSU groundwater are above the surface water standard (4.3), MCL (O.l), 
but less than 100 times the MCL. Dissolved arsenic occurrences above these standards are 
primarily found at the Present Landfill. 

Figure 4.17 shows the extent of total chromium in UHSU groundwater. Total chromium 
concentrations in UHSU groundwater are above the surface water standard (14.0 percent) and 
MCL (6.9 percent), but less than 100 times the MCL. Total chromium occurrences above 
these standards are primarily found near Building 771, the East Trenches area, south of the 
903 Pad, and IHSS 119.1 (OU1). 

Figure 4.18 shows the extent of dissolved nickel in UHSU groundwater. Dissolved nickel 
concentrations in UHSU groundwater are above the surface water standard (4.0 percent) and 
MCL (2.2 percent), but less than 100 times the MCL. Dissolved nickel occurrences above 
these standards are primarily found at Building 850, IHSS 119.1 (OUl), and southeast of 
Ryan's Pit. 

Figure 4.19 shows the extent of total nickel in UHSU groundwater. Total nickel 
concentrations in UHSU groundwater are above the surface water standard (8.3 percent) and 
MCL (6.1 percent), but less than 100 times the MCL. Dissolved nickel occurrences above 0 
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these standards are primarily found at Building 850, the SEPs, the East Trenches area, 
southeast of Ryan’s Pit, north of Building 771, and MSS 119.1 (OUl). 

4.5.1.3 Radionuclides 

Total uranium isotopes (that is, the sum of the uranium isotopes [U-233,2334, U-235, and U- 
2381) was the only radionuclide A01  identified in UHSU groundwater (Table 4.6). Figure 
4.20 shows the extent of total uranium isotopes in UHSU groundwater. Total uranium 
isotopes in UHSU groundwater occur at concentrations above the surface water standard (37.7 
percent), MCL (22.4 percent), and 100 times the MCL (0.3 percent). Total uranium isotope 
occurrences above these standards are primarily found in the area of the SEPs and North 
Walnut Creek upstream of Pond A-1, the Original Landfill, and the Ash Pits. 

4.5.1.4 Water Quality Parameters 

Fluoride and nitratehitrite (as N) were identified as water quality parameter AOIs in UHSU 
groundwater (Table 4.6). Figure 4.21 and Figure 4.22 show the areal distribution of the water 
quality parameter AOIs in UHSU groundwater. Both of these AOIs have a greater than 5 
percent frequency of detection above their respective surface water standard. 

Figure 4.21 shows the extent of fluoride in UHSU groundwater. Fluoride in UHSU 
groundwater occurs at concentrations above the surface water standard (7.8 percent) and MCL 
(1.7 percent); but less than 100 times the MCL. Fluoride occurrences above the standards are 
found in the area of the SEP, MSS 119.1 (OUl), in the area of Building 881, and east of the 
Present Landfill. 

. 

Figure 4.22 shows the extent of nitratehitrite (as N) in USHU groundwater. Nitratehitrite (as 
N) is the most common and widespread water quality parameter contaminant at RFETS. 
Nitratehitrite (as N) in UHSU groundwater occurs at concentrations above the surface water 
standard (14.9 percent), MCL (14.9 percent), and 100 times the MCL (1.8 percent). 
Nitratehitrite (as N) occurrences above these standards are found in the area of the SEPs and 
North Walnut Creek above Pond A-1, the 903 Pad, and IHSS 119.1 (OU1). 

4.5.2 Summary of UHSU AOIs 

Eighteen AOIs were identified in the UHSU. These AOIs include 11 VOCs (benzene, carbon 
tetrachloride, chloroform, chloromethane, cis-l,2-dichloroethene, 1 ,l-dichloroethene, 1,2- 
dichloroethane, methylene chloride, tetrachloroethene, trichloroethene, and vinyl chloride), 4 
metals (dissolved arsenic, total chromium, and dissolved and total nickel), 1 radionuclide 
(total uranium isotopes), and 2 water quality parameters (fluoride and nitratehitrite (as N)). 
A11 of these groundwater AOIs occur above their respective surface water standard and locally 
form contiguous, mappable contaminant plumes. These AOIs will be further evaluated in 
Section 7.0. Table 4.7 lists the UHSU groundwater AOIs and identifies the areas where 
contiguous, mappable contaminant plumes occur. 
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1990 18 

I 

1991 I87 

Table 4.1 J 

Summary of RFETS Well Installations and Sampling Frequencies 

Mainly SEP; also East Trenches, 
Woman Creek, B-ponds, and 903 
Pad; since 1976 Present Landfill 
uea; since 1982-West Spray Field 

Provide more detailed 
characterization of site 
hydrogeology and water quality 

Characterize SWMUs and RCRA- 
regulated units 
For water level measurements 
only; along utility lines 
Characterize upgradient and site 
groundwater quaiity and flow; also 
SEP, Present Landfill, 
West Spray Field, OPWL, East 
Trenches, 881 Hillside, and 903 
Pad 
North and south BZ (to site 
potential new landfill); 881 
Hillside investigation 
Mainly Mound, East Trenches, 
and 881 Hillside; also east BZ 
88 1 Hillside, Woman Creek, and 
Walnut Creek 

. 7 .  . , _  . .  
Radionuclides only (PdAm, U 
isotopes, and tritium) 1960 through 
1984 (except for 1974 when fluoride; 
nitrate, TDS, and total alpha and beta 
were also analyzed); VOCs, phenols, 
trace metals, major cations and anions, 
TDS, TOC, and nitrate sampling 
began in 1985 
Metals (hazardous substance list 
(HSL) and Cs, Mo, and Sr), major 
anions, VOCs (HSL), SVOCs (HSL), 
pesticidesPCBs, radionuclides (gross 
alpha and beta, U-isotopes, PdAm, 
and tritium) 
Same as 1986, eTcept no SVOCs or 
pesticidesPCBs 
Same as 1986, except no SVOCs or 
pesticidesPCBs 
VOCs (TCL), metals (TAL), major 
anions, nitrate, radionuclides (gross 
alpha and beta, tritium, U-isotopes, 
PdAm, strontium, radium, and 
cesium), TDS, cyanide, DO, O&G 

Same as 1989, except no O&G 

Same as 1989, except no O&G 

Same as 1989, except no O&G 

Annually 1960-1973 
Semiannually 1974- 1979 
Three timedyear 1980-1981 
Quarterly 1982-1985 

Intended quarterly; only 1 set 
collected during 1986 because 
new well construction not 
completed until 4* quarter 

Quarterly 

Quarterly 

Quarterly 

Quarterly 

Quarterly 

Quarterly 

56 

125 

193 

203 

365 

383 

470 

500 
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1995 

1996 

1997-2004 

Table 4.1 

Summary of RFETS Well Installations and Sampling Frequencies 

180 

15 

320 

Creek, and Walnut Creek 
West Spray Field, Present 

discontinued during 1993 
Same as 1989, except no O&G or DO 

for site gas station 
Surface water seeps and SEP; 
many for general site 
potentiometric characterization 
IA characterization, new landfill 

Characterization for areas adjacent 
to Mound, East Trenches, and SEP 
groundwater treatment systems 
and source removal accelerated 
actions; PU&D Yard, IHSS 118.1, 
IA Plume, 903 Pamyan’s Pit 
Plume, Oil Burn Pits #I and #2, 
Original Landfill, Ash Pits, D&D 
Monitoring, and Actinide 
Migration Evaluation 

Same as 1989, except no O&G or DO 

Same as 1989, except no O&G or DO 

With the implementation of the IMP, 
sampling became much more focused 
and dynamic based on project needs; 
main analytes included VOCs, nitrate, 
PulAm, uranium isotopes, metals, and 
TDS, with special analyses if 
warranted based on process 
knowledge or special DQOs (for 
example, biodegradation indicators, 
major ions, SVOCs, cyanide, and 
special radionuclides) 

Quarter1 y 652 

Generally quarterly for most 737 
site areas; information is vague 

Generally quarterly for RCRA 
wells; semiannually for other 
wells 
Generally quarterly for RCRA 
wells; semiannually for other 
wells 
Quarterly for RCRA wells; 

917 

932 

1,252‘ 

a Does not take into account wells that have been abandoned and is not indicative of the number of wells sampled each year. 
There may have been three wells installed in 1954 in the area downgradient of the SEP; the analytes and sampling frequency of these wells are unknown. 
The total number of wells installed at RFETS varies with the sources researched. 
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Table 4.2 
Summary of Monitoring Well Completion Details 
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Summary of Monitoring Well Completion Details 

2085290 I 748946 1 S981.95 I 5983.52 I 3.5 I 12.0 I 12.0 I 11.3 UHSU Qrf Ahvium 10-87 

2092348 I 753948 I 5666.75 I 5668.91 I 3.0 I 8.0 I 10.2 I 4.7 I UHSU i I AlluviumlBcdmck I 
2086203 I 750124 I 5912.40 1 5913.00 I 2.2 1 8.2 I 8.2 I 6.2 I UHSU I i 

2084780 I 747775 I 5896.85 I 5898.56 I 4.9 I 29.4 I 31.3 I 29.2 I UHSU I OlS I Alluvium I fd08a I 

2083266 747431 5915.41 I 5917.48 I 12.2 I 17.2 19.7 18.0 UHSU i Alluvium i 
2086229 I 750149 I 5910.90 I 5911.30 I 7.4 I 11.1 I 11.4 I 1.0 I UHSU I AlluviumlBcdmck I 
2085079 747842 5893.33 5895.31 5.0 19.0 20.5 18.6 UHSU Qlr . Alluvium FD09A 

2082927 I 747260 I 5909.87 I 5912.37 I 2.4 I 6.8 I 9.8 I 6.5 I UHSU i i Alluvium i 
2086261 I 750135 I 5912.70 I 5913.60 1 2.0 I 6.0 I 6.0 4.8 UHSU AlluviumIBedmck 

2082755 I 747538 I 5921.10 I 5923.90 I 4.4 I 19.4 I 19.5 I 5.9 I UHSU Qc.O.ra.Klltvcbtn.KclmIl 1 Aliuvium/Bsdmck I 
i 

2087588 750058 5946.84 5948.35 45.0 60.0 62.0 30.0 UHSU KSI & K u r  B c d d  

2087419 749952 5949.68 5951.08 48.1 63.1 65.1 20.0 UHSU Ksa & d d  
2087879 752335 5785.88 5788.03 2.0 11.3 11.3 11.0 UHSU GQ? Alluvium 11-86 

2086066 748581 5934.81 5936.30 4.9 10.0 10.3 3.5 UHSU Kcrh Bcdmd: 12-87BR 

2086625 749209 5965.71 5967.22 19.5 34.5 36.5 16.1 UHSU KaclSt Bedrock 

- 
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13091 

13191 

13291 

1991 06/05189 08101102 2085992 748960 5913.68 5975.20 11.3 21.3 23.3 193 UHSU Qrf Alluvium 

1991 06/06/89 08101102 2085530 749071 591825 5919.90 15.7 25.1 21.1 15.4 UHSU KSCLI AlluviurnlBdrock 6591 

1991 o 5 m 5 m  08101102 2085523 749060 5918.48 5919.97 5.7 15.7 11.7 15.4 UHSU orf Alluvium 

13391 I 1991 1 06123r89 I 08/26/04 I 2089164 I 750922 I 5923.83 1 5925.35 I 29.0 I 39.0 1 41.0 38.6 I UHSU Qrf Alluvium 
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Table 4.2 
Summary of Monitoring Well Completion Details 
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24297 1997 I 
26393 I 1993 I 1 
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Table 4.2 
Summary of Monitoring' Well Completion Details 

2083151 

2082309 

2083717 

2083072 

2089081 

161595 I 1995 I I 04107105 751716 5972.60 5973.00 6.0 10.9 10.9 10.0 UHSU Alluvium 5i5 

751379 5987.50 5988.00 4.S 14.4 14.4 11.5 rnsu Alluvium 5i6 

749198 5999.47 m.60 5.0 12.0 12.3 11.5 UHSU Qh Alluvium 61-86 

752860 59a4.42 5985.77 3.5 28.2 28.5 28.0 UHSU w Alluvium 61-87 

749369 sa97.00 5897.00 4.9 14.8 14.8 10.0 UHSU Alluvium T4 

61695 I 1995 10107104 

6186 I 1986 I I OUl5105 

6187 1987 

~~ 

62693 I1993 1 0 / 1 m  

6274 I 1974 I I 
62793 I 1993 I I 
6286 I 1986 I I omm 
6287 I 1987 

62893 I 03103105 

I 10.0 UHSU 1 31 SEP-74. TH-31 6374 1 2084589 I 751806 I 5907.55 I 5909.55 I 6.0 I 15.0 . I 
I UHSU 1 Alluvium 63793 1993 I 06RlKI3 I 2080611 I 747515 I 6012.17 I 6013.00 10.1 19.9 I 19.9 1 

I I 2081530 I 747822 I 5990.97 I 5992.20 I 7.8 I 12.8 I 12.8 I I UHSU 1 Qh Alluvium 

UHSU QL 1 Alluvium 

63993 

64093 1993 2081543 I 747818 I 5990.84 5991.50 8.0 13.0 13.0 

1 
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Table 4.2 
Summary of Monitoring Well Completion Details 

B405989 1989 0 4 m m  mi103 2081477 746349 6023.60 6026.06 2.8 6.7 8.5 6.1 UHSU QL 
8410389 1989 IO/I2A9 09/17/02 '2077811 747771 6111.80 6113.80 40.6 60.0 61.3 UHSU Qd 
8410689 1989 10/11189 10/04/04 2078729 748350 ~5~391.70 6093.71 30.5 SO.l 51.3 UHSU w 
8410789 1989 10105189 11/17/04 2079141 748791 6082.10 . 6083.66 25.5 45.0 46.3 UHSU Qd 

Alluvium 5089 

Alluvium ~310589. smm 

Alluvium sm389 

Alluvium SF0289 
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Table 4.2 
Summary of Monitoring Well Completion Details 

LHSU I I 122293 I 1 m 3  I 2086501 I 748373 I 5881.50 1 5884.12 I 67.0 I 82.0 I 85.0 I 21.0 I I 
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Table 4.4 
LHSU Groundwater A 0 1  Screening 

B e a 

B a 
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AOI Sc- 1 
Compprlsom Wilb B s c w m d  
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Table 4.5 
Groundwater AOIs Eliminated By Process Knowledge 

Total 
Trihalomethanes 

Manganese 

Selenium 

Americium-24 1 

Plutonium-239/240 

Radium-226 + 
Radium-228 

Total trihalomethanes (TTHM) is a calculated parameter based on the sum of the 
concentrations of chloroform, bromoform, bromodichloromethane, and 
dibromochloromethane. Comparison of the percentage of constituents making up TTHM 
at RFETS indicates that chloroform comprises about 99% of the TTHM in 166 of 174 
wells where TTHM exceeded the surface water standard. In comparison to chloroform, 
the concentrations of brominated TTHM components are generally very low and 
detections above the surface water standard are not widespread in groundwater at 
RFETS. On this basis, TTHM are eliminated as a groundwater A01 and chloroform is 
evaluated as an AOI. 
Manganese was not identified or discussed in building process information and has not 
been found to be associated with UBC Sites (K-H 2005). Only small quantities were 
identified to be in inventory with the exception of manganous sulfate which had an 
inventory in 1974 of 2,560 kilograms and then later in 1988 of 0.06 kilogram (the 
specific use was not clear). Based on the limited use of manganese, its release to the 
environment was estimated to be minimal or there would be no release. 
Selenium was not identified or discussed in building process information and has not 
been found to be associated with UBC Sites (K-H 2005). Selenium compounds appear to 
have been used as laboratory standards or analytical testing materials since they were 
used in very small quantities. Based on the limited use of selenium, its release to the 
environment was estimated to be minimal or there would be no release. 
Americium-241 is not present as a dissolved constituent in groundwater at the site. 
Americium-241 has historically been detected as a groundwater contaminant at RFETS 
as a result of contaminated surface soil introduced down boreholes during well 
construction, causing misleading sample results with respect to groundwater quality. To 
evaluate this condition, specially constructed “aseptic” wells were installed to minimize 
the amount of surface material introduced down the boreholes. The aseptic.wells 
demonstrated low (femtoCurie/liter) concentrations of americium in the groundwater, 
despite being paired with traditional wells with historic elevated concentrations of ’ 

Americium-241. Further discussion is presented in Appendix C of the Groundwater 
IM/IRA (DOE 2005). 
Similar to Americium-241, plutonium-239/240 was also eliminated as an A01 based on 
knowledge that Plutonium-239/240 is not present as a dissolved constituent in 
groundwater at the site. Plutonium-239/240 has historically been detected as a 
groundwater contaminant at RFETS as a result of contaminated surface soil introduced 
down boreholes, causing misleading results with respect to groundwater quality. Aseptic 
wells indicated negligible (ferntocurie) concentrations of Plutonium-239/240. Further 
discussion is Dresented in ADDendix C of the Groundwater IM/IRA (DOE 20051. 
Review of the groundwater radium data and Draft Groundwater Nature and Extent 
screening process indicates that dissolved Ra-226 + Ra-228 and dissolved or total Ra-226 
3r Ra-228 were not retained as an analytes of interest (AOIs) because there is not a 
surface water standard for these analytes. The surface water standard for radium is total 
radium-226 (Ra-226) + radium-228 (Ra-228) and is 5 pCi/L.. At RFETS, Ra-228 is the 
predominant radium isotope comprising the total radium activity. 

[n screening total Ra-226 + Ra-228 data, the 99/99 upper tolerance limit (99/99 UTL) for 
3issolved Ra-226 + Ra-228 (6.3 pCi/L) was used for the UTL screen because there are no 
background data for total Ra-228 in groundwater to allow development of a total radium 
29/99 UTL. In using the 99/99 UTL for dissolved radium to compare total Ra-226 + Ra- 
228, we recognize that this screen is conservative, since radium is a moderately sorbed 
:onstituent on the particulate fraction. The dissolved radium 99/99 UTL likely 
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Table 4.5 
Groundwater AOIs Eliminated By Process Knowledge 

DENE03200501 1 .Doc 

underestimates the total Ra-226 + Ra-228 background activity in groundwater since total 
radium represents both the dissolved and sorbed fraction transported by groundwater and 
its UTL should be higher than the dissolved radium UTL. 

Review of the available total Ra-226 + Ra-228 data (26 locations) shown on Figure 1 
indicates that the groundwater results range between 3.9 and 157.4 pCi/L with a median 
value of 9.2 pCi/L. All but four of the total radium results are above the dissolved radium 
UTL (as expected) and the surface water standard. However, it is believed that most of 
these results are representative of background total radium and only five results appear to 
represent potential contamination. Most of the results (21 locations) are less than 20 
pCi/L, four results are between 20 and 30 pCi/L, and one result is 157 p C i L  

The highest total radium result occurs at well 56993 in the Ash Pit area (IHSS 133.2). 
The other locations with total radium results above 20 pCi/L occur at the Original 
Landfill (well 58693), the West Spray Field (well 50894), and adjacent to Buildings 331 
(well P115489) and 551 (P115589). All of these locations have adjacent wells whose 
total radium activity appears to be representative of background, thus limiting the 
potential for a contiguous, mappable total radium groundwater plume of significant areal 
extent to exist and potentially impact surface water. 

A review of the historical radium use at RFETS is presented in the July 15,2005 
“Review of Historical Knowledge Related to Metals and Selected Radionuclides 
Identified as Environmental Media Analytes of Interest White Paper” (DOE 2005). 
Information presented in this white paper from the ChemRisk Task 1 Report (CDH 1991) 
concerning radium indicates that Ra-226, a daughter of uranium-238 decay, was used in 
small quantities for research, analysis, and calibration (e.g., sealed and plated sources) at 
the Site. In addition, the only Ra-226 waste generated at RFETS, based on WEMS and 
WSRIC, was as sealed sources. Because of the limited quantity of Ra-226 used and its 
waste form, it was not carried forward through the ChemRisk process (CDH 1991). 
However, Ra-226 is a daughter product of U-238 decay and could be potentially derived 
from both natural uranium present in the region and uranium metal fabrication and 
processing conducted at the site. 

Ra-228 was not identified in the ChemRisk Task 1 Report as a radionuclide used at the 
Rocky Flats Plant (CDH 1991). Furthermore, no Ra-228 waste was reported to have 
been generated based on WEMS and WSRIC. However, thorium-232, the parent 
radionuclide for Ra-228, was used at RFETS to fabricate metal parts from thorium and 
thorium alloys in Building 881. Thorium and its compounds were also used in analytical 
procedures and other research and development programs in Building 771. It was 
concluded during the development of the ChemRisk reports that Th-232 was most likely 
released as airborne particulates and was not a significant component of airborne effluent 
(CDH 1991). Furthermore, Th-232 was not used in significant quantities relative to other 
production radionuclides, thus, a source term was not developed for Th-232 during the 
ChemRisk evaluation. 

Because of the limited use of radium and thorium at the site and the limited areal extent 
of potential total radium contamination at the site, total Ra-226 + Ra-228 will not be 
retained as an AOI. 
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700 Area Northeast Plume 

Mound Site (MSS 113) 

0 

Carbon tetrachloride, chloroform, tetrachloroethene, 
trichloroethene, total uranium isotopes, nitratehitrite (as N) 

Carbon tetrachloride, chloroform, tetrachloroethene, 
trichloroethene, 1,2-dichloroethane, vinyl chloride, cis-1,2- 

dichloroethene, 1,l-dichloroethene 

Table 4.7 
UHSU Groundwater AOIs and Associated Plume Areas 

(MSS 118.1) chloride, tetrachloroethene 

Oil Bum Pit #2 

903 Pad (MSS 112) 

East Trenches 

chloroform, tetrachloroethene, trichloroethene 

Carbon tetrachloride, chloroform, tetrachloroethene, 
trichloroethene, nitratehitrite (as N) 

Carbon tetrachloride, chloroform, tetrachloroethene, 
trichloroethene, 1, 1-dichloroethene, total chromium 

Oil Bum Pit #I 

Buildings 4431444 

Trichloroethene, vinyl chloride, cis-l,2dichloroethene 

Tetrachloroethene 

Present Landfill 

~~ 

Carbon tetrachloride, chloroform, tetrachloroethene, 
trichloroethene, total chromium, dissolved and total nickel Ryan's Pit (MSS 109) 

Benzene, vinyl chloride, dissolved arsenic 

MSS 119.1 (OU1) 

Central IA Plume 
(IA Plume Sources) 

Carbon tetrachloride, tetrachloroethene, trichloroethene, 1,l- 
dichloroethene, total chromium, fluoride, nitratelnitrite (as N) 

Carbon tetrachloride, tetrachloroethene, trichloroethene, 1,l- 
dichloroethene, vinyl chloride, cis- 1,2dichloroerhene 

~~ ~ 

Carbon tetrachloride, trichloroethene, vinyl chloride, 1,l- 
dichloroethene, total chromium Building 77 1 

Dissolved' nickel I Building 850 

Tetrachloroethene, trichloroethene I PU&D Yard 
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Figure 4.3 
Groundwater AOI Screening Process 

No result above the 

r -- 

Analyte Eliminated 
as an A01 

List of Contaminants Evaluated 
PCBs 

Dioxins 
Furans 

Herbicides 
Pesticides 
Fungicides 

v o c s  
s v o c s  
Metals 

Radionuclides 
Water Quality Parameters 1 

Evaluate each analyte with the following 
screening steps: 

based on professional Yes , 
is not an AOI ? 

Analyte Eliminated 
as an AOI 

Analyte Eliminated 
as an A01 

Is there an applicable surface 
water standard? 

No Is the maximum sample result 

Yes 

I Analbe Eliminated 1 as an AOI 

Do the mapped sample 
results form a contiguous 

contaminant plume?d 

, Analyte Eliminated 
No U as an AOI 

A Screen 6 

(Section 4.4.6) v 
1 No 

a Background level is the 99/99 UTL reported in the Background Geochemical Characterization Report (DOE 1993). Constituents without background 
99/99 UTL values, such as organic compounds and select inorganic and radionuclide constituents, it was assumed that detection of these constituents 
above the analytical detection limit indicates their presence in the environment. These constituents were canied forward to Screening Step 2. 

For analytes without a surface water standard, Screen 4 is performed using the MCL. MCLs have been established by EPA for many chemical 
contaminants and represent the maximum permissible level of a contarninant in drinking water. MCLs are listed at 40 CFR 141. Where an MCL for a 
particular contaminant is lacking, the residential groundwater ingestion-based PRG will apply. If the PQL is higher than the surface water standard, MCL, o 
PRG, the PQL is used as the comparison value. For simplicity, MCLs, PRGs, and PQLs are hereinafter referred to as MCLs. 

Surface water standards are not available for some analytes. For these analytes Screen 4 is performed using MCLs. 
a Data shown on the maps represent the most recent sample result available at each well. A contiguous plume is defined as three or more 
adjacent wells with concentrations or activities above either the surface water standard or MCL. whichever is applicable. 
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5.0 NATURE AND EXTENT OF SURFACE WATER AND SEDIMENT 
CONTAMINATION 

5.1 Introduction 

The purpose of this section is to define the current nature and extent of surface water and 
sediment analytes of interest (AOIs) at the Rocky Hats Environmental Technology Site 
(RFETS or site) after the accelerated actions are complete. Surface water AOIs are those 
analytes that are present above the background mean plus two standard deviations 
(M2SD) and greater than a 1 percent frequency of detection above the surface water 
standard' or practical quantitation limit (PQL) if greater than the standard. Sediment 
AOIs are those analytes that are present above the background M2SD and preliminary 
remediation goals (PRGs) for a wildlife refuge worker (WRW) based on a target excess 
carcinogenic risk of 1 x 
AOIs will be further evaluated in Section 7.0. 

or a hazard quotient (HQ) of 0.1. Surface water and sediment 

Data used in this section are the result of previous investigations conducted at the site, 
from sitewide sampling programs, samples collected after accelerated actions were 
implemented, and data collected during the sitewide Remedial Investigatiofleasibility 
Study (RI/FS) to support the Comprehensive Risk Assessment (CRA). Given that water 
quality and chemical loading conditions are dynamic and affected by variables such as 
site releases, accelerated action efforts, flow, and so forth, it was determined that data 
reflective of more current conditions are representative of surface water quality for the 
evaluation of AOIs. Therefore, the surface water nature and extent is based on data 
collected between January 1,2000 and July 31,2005. The sediment nature and extent is 
based on data collected between June 28, 1991,2 and July 31,2005. 

A brief chronology of surface water and sediment monitoring at RFETS is presented 
below to provide a historical perspective of surface water and sediment characterization 
and monitoring at the site. 

5.2 Surface Water and Sediment Monitoring at RFETS 

Surface water monitoring has been conducted at R E T S  throughout the site's history, 
from 1952 to the present. Data were initially collected for effluent monitoring of Plant 
releases and reservoir and drinking water monitoring. Subsequently, surface water and 
sediment data have been reported in numerous RFETS reports and were warehoused in 
the Rocky Hats Environmental Database System (RFEDS) and its successor, the Soil 
Water Database (SWD). Table 5.1 provides a summary of surface water and sediment 
monitoring locations and sampling frequencies. 

1 See Section 5.4.1 for source of surface water quality standards for RFETS. 
* This date correlates to approved work plans and Sampling and Analysis Plans ( S A P S )  developed pursuant 
to the 1991 Interagency Agreement (IAG). 
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Past data were collected under a variety of programs. These programs included, but were 
not limited to: 

Sitewide characterization (for example, Operable Unit [Ow Resource 
Conservation and Recovery Act [RCRA] Facility Investigations [RFI]/Remedial 
Investigations [RIs]); 

Accelerated actions and interim measureshterim remedial actions (IM/IRAs); 

National Pollutant Discharge Elimination System (NPDES) sampling; 

Event-related surface water monitoring; 

Automated surface water monitoring; 

Ponds A-4, B-5, and C-2 predischarge sampling; 

Building 891 treatment facility effluent monitoring; 

Incidental waters; 

Remedi ati on projects; 

Groundwater plume treatment system effluent monitoring; and 

Other special projects. 

An Integrated Monitoring Plan (IMP) is required under the Rocky Flats Cleanup 
Agreement (RFCA) to implement environmental media monitoring programs at the site 
and serves as the current surface water and sediment monitoring plan for RFETS. The 
IMP outlines the monitoring goals for surface water and sediment and describes the 
various components of the surface water and sediment monitoring program.. The IMP, 
originally published in May 1997, replaced the numerous permit, event-related, and 
characterization surface water monitoring programs conducted at the site. Since Fiscal 
Year (Ey) 2004, the IMP has been updated quarterly (as needed) and annually to reflect 
periodic changes to the monitoring programs. 

IMP updates include input derived from consultation with the U.S. Environmental 
Protection Agency (EPA), the Colorado Department of Public Health and the 
Environment (CDPHE), cities, and stakeholders. This consultative process determined 
the locations of new surface water and sediment stations, analytical suites for surface 
water and sediment, and the overall design of the current monitoring network. Agency 
and community input was obtained by the U.S. Department of Energy (DOE), and DOE 
strategies were transmitted to the communities through quarterly information exchange 
and Water Working Group meetings. In addition, IMP meetings were frequently 
scheduled to address the evolving nature of the IMP as the site moved toward closure. 
City and stakeholder participants include, but are not limited to, representatives of the 
City and County of Broomfield, City of Arvada, City of Westminster, City of 
Northglenn, City of Thornton, Rocky Flats Coalition of Local Governments (RFCLoG), 
and Rocky Flats Citizens Advisory Board (RFCAB). 

0 
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The IMP was developed to guide the majority of surface water monitoring at RFETS. 
The IMP was developed using the EPA data quality objective (DQO) process. The DQO 
process is a structured decision-making process that requires the identification of and 
agreement on decisions for which data are required. This process resulted in multiple 
surface water monitoring objectives detailed in the IMP. Although surface water data 
continue to be collected outside of the IMP by special projects, much of the surface water 
monitoring at the site since October 1996 has been covered by the following objectives: 

Source location monitoring to identify potential “new sources.” 

Ad hoc monitoring for special temporary projects such as the Actinide Migration 
Evaluation (AME), Site-Wide Water Balance, agency studies (for example, 
CDPHE uranium inductively-coupled plasmdmass spectrometry [ICP/MS] 
study), and operational monitoring (for example, footing drain monitoring). 

Indicator parameter monitoring to provide information for special data 
assessment . 
Incidental waters monitoring to facilitate proper disposition of water collected in 
utility pits, excavations, secondary containment, and so forth. 

Sanitary system monitoring including: 

0 

- Internal wastestream characterization to characterize routine internal 
wastestreams to meet NPDES permit requirements. 

- Monitoring discharges to the Wastewater Treatment Plant (WWTP) to 
determine authorization for nonroutine wastestreams to be discharged to the 
WWTP. 

- WWTP collection system protective monitoring to ensure inflows will not 
disrupt proper WWTP operation. 

0 WWTP collection system flow monitoring to evaluate for abnormal conditions. 

- CDPHE WWTP influent radiological and metals monitoring to track loads 
and concentrations. 

Performance monitoring of specific projects to ensure effectiveness of 
administrative and engineering controls (for example, erosion controls). 

Performance monitoring for the Mound, East Trenches, and Solar Pond Plume 
Treatment Systems to evaluate system operation. 

NPDES permit monitoring as specified by the permit. 

New source detection monitoring to evaluate for statistically significant changes 
in water quality for water leaving the Industrial Area (IA) and entering the site 
retention ponds. 

Stream segment 5Point of Evaluation (POE) monitoring to evaluate a specific set 
of constituents against RFCA action levels (ALs), specifically for locations GS 10, 
SW027, and SW093. 

Predischarge monitoring to confirm that retained pond waters meet stream 
standards prior to discharge. 

0 

\ 

0 
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Stream segment 4Point of Compliance (POC) monitoring to evaluate a specific 
set of constituents against RFCA AL,s specifically for locations GSOl, GS03, 
GS08, GS11, and GS31. 

Non-POC monitoring at Indiana Street to provide supplemental data to CDPHE. 

Monitoring uncharacterized discharges only required when other monitoring is 
not performed due to unusual conditions such as extreme flood events (similar to 
ad hoc monitoring). 

Community assurance off-site monitoring. 

Buffer Zone (BZ) hydrologic monitoring in support of watershed and ecological 
health evaluation. 

5.3 Surface Water and Sediment Data 

5.3.1 Data Source 

Surface water and sediment data used in this evaluation were extracted from the Soil 
Water Database (SWD) using procedures developed to support the CRA. Surface water 
data extracted consisted of analytical records that represent the time period from January 
1,2000 to July 31,2005. Sediment data extracted consisted of analytical records that 
represent the time period from June 28, 1991 to July 31,2005. Only data deemed “CRA 
Ready = Yes” were used in this evaluation. Additional data reduction steps for surface 
water and sediment are included in Attachment 1 and Attachment 2, respectively. 

Surface water data have been collected from 404 locations (Figure 5.1) and sediment data 
from 369 locations (Figure 5.2) in four drainage basins (Figure 5.3) that include Rock 
Creek, Walnut Creek (including the McKay Ditch), Woman Creek, and Lower Smart 
Ditch since June 28, 1991. These records include analytical results for pesticides, 
herbicides, fungicides, aroclors (polychlorinated biphenyls [PCBsJ), dioxins, furans, 
semivolatile organic compounds (SVOCs), volatile organic compounds (VOCs), total and 
dissolved metals, total and dissolved radionuclides, and water quality parameters. 

Data that were used to evaluate the surface water and sediment nature and extent included 
41,442 and 44,511 records, respectively. These data included 31 1 surface water and 525 
sediment records for tentatively identified compounds (TICS). TICs found in the surface 
water and sediment data are organic compounds that do not have surface water standards 
or WRW PRGs and were not further evaluated. Specific data used for evaluation of the 
surface water and sediment nature and extent are described below and presented on a 
compact disk read-only memory (CD ROM) in Attachments 1 (surface water) and 2 
(sediment). 

5.3.2 Data Adequacy and Quality 

Surface water and sediment data adequacy and quality of the data used in to evaluate 
surface water and sediment nature and extent were evaluated in Appendix A, Volume 2, 
Attachments 2 and 3. The distribution of data, both spatially and temporally, was 
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assessed to ensure that the nature and extent of contamination is well characterized. Data 
quality was assessed using a standard precision, accuracy, representativeness, 
completeness, and comparability (PARCC) parameter analysis @PA 1999,2001,2005). 
The Data Quality Assessment (DQA) presented in Appendix A, Volume 2, Attachment 2 
is based on an evaluation of site-wide field and laboratory control samples (LCs). The 
results of the Data Adequacy Assessment are presented in the Data Adequacy Report 
(Appendix A, Volume 2, Attachment 3). Data used to evaluate surface water and 
sediment nature and extent met data adequacy and data quality criteria for the CRA. 

5.4 Identification of Surface Water AOIs 

To identify surface water AOIs, analytlcal data from January 1,2000 to July 31,2005 
were evaluated in the surface water nature and extent. The analytes evaluated are listed 
in Table 5.2. The constituents highlighted in color shown in Table 5.2 identify those 
constituents that have a frequency of detection less than 1 percent (green), between 
1 percent and 5 percent (yellow), and greater than 5 percent (orange) above the lowest 
surface water standard or PQL (whichever is higher). Surface water constituents were 
screened and eliminated or retained as AOIs using the screening approach shown on 
Figure 5.4. Analytes eliminated or retained by process knowledge are listed in Table 5.3. 
The screening approach is described in the following sections. 

a 

0 

5.4.1 

5.4.1.1 A 0 1  Screening Step 1 - Determination of Surface Water Standard 

To evaluate the potential for impacts to surface water quality, A01 Screening Step 1 
determines whether a surface water standard exists for each constituent. The surface 
water quality standards are the RFETS site-specific and statewide standards listed in 5 
Code of Colorado Regulations (CCR) 1002: 

Surface Water A 0 1  Screening and Identification Process 

0 Statewide surface water radioactive materials standards in Section 31.1 l(2); 

Statewide surface water interim organic pollutant standards in Section 31.1 l(3); 
and 

' 

0 Site-specific surface water quality standards for segments 4a, 4b, and 5 of Big 
Dry Creek in Section 38.6 of the South Platte Basin Classifications and Standards. 

The surface water standard is defined as the greater of the lowest surface water standard 
or the PQL. Basic surface water standards considered include water supply, water+fish, 
fish ingestion, acute aquatic, chronic aquatic, aquatic life class 2, agriculture, and site- 
specific surface water standards for Walnut and Woman Creeks. 

For constituents that have a surface water standard and appropriate methodology (that is, 
total versus dissolved analysis [Table 5.2]), the constituent is carried forward to A01 
Screening Step 2. Constituents that do not have a surface water standard are eliminated 
as an AOI. 
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5.4.1.2 AOI Screening Step 2 - Background Comparison 

Surface water analyte results were compared against the background M2SD values 
presented in Appendix A, Volume 2, Attachment 5 where available. Background values 
are not available for organic constituents and other select inorganic and radionuclide 
constituents. Detection of these constituents above the detection limits are assumed to 
indicate their presence in the environment. Laboratory qualifier codes were used to 
identify whether a constituent is detected. 

In A01 Screening Step 2, surface water analytical results are compared with the 
corresponding background M2SD value. For those analytes where sample results are 
below or equal to the corresponding background M2SD, the analyte is eliminated as a 
potential AOI. Analytes that have at least one sample result above the background 
M2SD value are camed forward to A01 Screening Step 3. For analytes that do not have 
a background M2SD (for example, organic constituents) this screening step is skipped 
and the analyte proceeds to A01 Screening Step 3. 

5.4.1.3 A 0 1  Screening Step 3 - Surface Water Standard Comparison 

In A01 Screening Step 3, surface water analyte results are compared with the 
corresponding surface water standard. For surface water analytes where all sample 
results are below or equal to the surface water standard, the analyte is eliminated as an 
AOI. Surface water analytes, that have at least one sample result above the surface water 
standard are retained and proceed to A01 Screening Step 4. 

5.4.1.4 A 0 1  Screening Step 4 - 1 Percent Frequency of Detection Screen 

For each surface water analyte that passes A01 Screening Step 3 and has a frequency of 
detection above the surface water standard greater than 1 percent, the analyte is carried 
forward to A01 Screening Step 5. For analytes whose frequency of detection above the 
surface water standard is less than or equal to 1 percent, the analyte is eliminated as an 
AOI. 

Elimination of the less-than-1-percent-frequency analytes is based on application of 
Colorado’s guidance on data requirements and interpretation methods used to establish 
existing water quality in Colorado Water Quality Control Commission (Colorado 
WQCC) rulemaking proceedings (Colorado WQCD, 1993,2004,2005). In particular, 
data should be ranked and the 85* percentile is used as the indicative value for dissolved 
parameters, while the 50th percentile is indicative of totals. Given the large number of 
samples for these analytes, more than 99 percent of the data below the identified standard 
is adequately representative to show that these contaminants do not adversely impact 
surface water quality. 

5.4.1.5 A 0 1  Screening Step 5 - Process Knowledge Evaluation 

A01 Screening Step 5 involves the determination of whether an A01 should be retained 
or eliminated based on process knowledge or other criteria involving professional 
judgment. The process knowledge evaluation involves an assessment of contaminants 
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that are not reasonably expected to be AOIs based on historical site process knowledge 
(DOE 2005) even though they may equal or exceed the surface water standard. Process 
knowledge alone is not used to eliminate a constituent as an AOI. Other analyte criteria 
such as its areal distribution relative to RFETS activities, its proximity to contaminant 
sources, accelerated actions performed to remove a contaminant source, and its natural 
occurrence and distribution in the environment were also considered when evaluating 
whether to retain or eliminate a constituent as an AOI. 

5.4.2 Results of Surface Water A 0 1  Screening 

Based on the A01 screening process shown on Figure 5.4, 19 surface water AOIs were 
retained and included 7 VOCs (carbon tetrachloride, chloroform, cis-1,2-dichloroethene, 
methylene chloride, tetrachloroethene, trichloroethene, and vinyl chloride), 6 metals 
(dissolved aluminum and total beryllium, chromium, lead, nickel, and zinc), 5 
radionuclides (total americium-241 , gross alpha, gross beta, plutonium-239/240, and 
uranium isotopes), and 1 water quality parameters (nitratelnitrite (as N). The constituents 
highlighted in color in Table 5.4 identify those constituents that have a frequency of 
detection between 1 percent and 5 percent (yellow) and greater than 5 percent (orange) 
above the lowest surface water standard or PQL (whichever is higher). Table 5.5 lists the. 
surface water AOIs by drainage basin. 

The frequency of detection for the surface water AOIs ranges between 1 to less than 5 
percent (1 1 constituents), and greater than 5 percent (8 constituents). The AOIs 
identified and retained in surface water are listed in Table 5.4 along with summary 
statistics for each constituent. Figure 5.5 through Figure 5.23 show the nature and extent 
of surface water AOIs. Surface water analytes eliminated as AOIs based on process 
knowledge or professional judgment are listed in Table 5.3. The extent of other surface 
water constituents evaluated in the nature and extent that were not retained as AOIs are 
included on a CD ROM as Figures Al.1 through A1.136 in Attachment 1. 

5.4.2.1 PCBs, Dioxins, and Furans 

No PCB, dioxin, or furan AOIs were identified in surface water. Table 5.2 summarizes 
the PCBs, dioxins, and furans analyzed and reported in the data evaluated, but not 
retained as surface water AOIs. The nature and extent of PCBs, dioxins, and furans that 
were not identified as AOIs are shown on the extent maps in Attachment 1 (Figures Al.1 
through A 1.7). 

5.4.2.2 Pesticides, Herbicides, and Fungicides 

No pesticide, herbicide, or fungicide AOIs were identified in surface water. Table 5.2 
summarizes the pesticides, herbicides, and fungicides analyzed and reported in the data 
evaluated, but not retained as surface water AOIs. The nature and extent of pesticides, 
herbicides, and fungicides that were not identified as AOIs are shown on the extent maps 
in Attachment 1 (Figures A1.8 through A1.9). 
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5.4.2.3 Semivolatile Organic Compounds (SVOCs) 

No SVOC AOIs were identified in surface water. Table 5.2 summarizes the SVOCs 
analyzed and reported in the data evaluated, but not retained as surface water AOIs. The 
nature and extent of SVOCs that were not identified as AOIs are shown on the extent 
maps in Attachment 1 (Figures A1.10 through A1.64). 

5.4.2.4 Volatile Organic Compoirnds (VOCs) 

Seven VOC AOIs (carbon tetrachloride, chloroform, cis-172-dichloroethene, methylene 
chloride, tetrachloroethene, trichloroethene, and vinyl chloride) were identified in surface 
water. Table 5.2 summarizes the VOCs analyzed and reported in the data evaluated, but 
not retained as surface water AOIs. The nature and extent of VOCs that were not 
identified as AOIs are shown on the extent maps in Attachment 1 (Figures A1.65 through 
A1.97). . Table 5.4 lists the seven VOCs retained as surface water AOIs. Section 5.6.3.1 
and Figure 5.5 through Figure 5.1 1 present fuiher  discussion of the nature and extent of 
VOC AOIs in surface water. 

5.4.2.5 Metals 

Six metal AOIs (dissolved aluminum and total beryllium, chromium, lead, nickel, and 
zinc) were identified in surface water. Table 5.2 summarizes the metals analyzed and 
reported in the data evaluated, but not retained as surface water AOIs. The nature and 
extent of metals that were not identified as AOIs are shown on the extent maps in 
Attachment 1 (Figures A1.98 through A1.125). Table 5.4 lists thesix metals retained as 
metal AOIs. Section 5.6.3.2 and Figure 5.12 through Figure 5.16 present further 
discussion of the nature and extent of metal AOIs in surface water. 

5.4.2.6 Radionuclides 

Five radionuclide AOIs (total americium-241 , gross alpha, gross beta, plutonium- 
239/240, and uranium isotopes) were identified in surface water. Table 5.3 summarizes 
the radionuclides analyzed and reported in the data evaluated,'but not retained as surface 
water AOIs. The nature and extent of radionuclides that were not identified as AOIs are 
shown on the extent maps in Attachment 1 (Figures A1.126 through A1.131). Table 5.4 
lists the five radionuclides retained as AOIs. Section 5.6.3.3 and Figure 5.17 through 
Figure 5.21 present further discussion of the nature and extent of radionuclide AOIs in 
surface water. 

5.4.2.7 Water Quality Parameters 

One water quality parameter A01 (nitratehitrite [as N]) was identified in surface water. 
Table 5.3 summarizes the water quality parameters analyzed and reported in the data 
evaluated, but not retained as surface water AOIs. The nature and extent of water quality 
parameters that were not identified as AOIs are shown on the extent maps in Attachment 
1 (Figures A1.132 through A1.136). Table 5.4 lists the one water quality parameter 
retained as an AOI. Section 5.6.3.4 and Figure 5.23 present further discussion of the 
nature and extent of water quality parameters AOIs in surface water. 
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5.5 Identification of Sediment AOIs 

To identify sediment AOIs, analytical data from June 28, 1991 to July 31,2005 were 
evaluated in the sediment nature and extent. The analytes evaluated are listed in Table 
5.2. The constituents highlighted in color in Table 5.2 identify those constituents that 
have a frequency of detection [less than 1 percent (green), between 1 percent and 5 
percent (yellow), and greafer than 5 percent (orange)] above the WRW PRG. Sediment 
constituents were screened and eliminated or retained as AOIs using the screening 
approach shown on Figure 5.4. Analytes eliminated or retained by process knowledge 
are listed in Table 5.3. The screening approach is described in the following sections. 

5.5.1 

5.5.1.1 AOI Screening Step 1 - Preliminary Remediation Goal (PRG) Identification 

Sediment A01 Screening and Identification Process 

To evaluate the potential for impacts to sediments, A01  Screening Step 1 determines 
whether a wildlife refuge worker (WRW) PRG exists for the sediment constituent. The 
WRW PRG values used to compare the sediment results were developed in the CRA for 
a WRW based on a target excess carcinogenic risk of 1 x 
Constituents without a PRG are eliminated as an A01 and are discussed in the uncertainty 
sections of Appendix A, Volumes 3 through 14. Constituents that have a PRG are carried 
forward to Screening Step 2. 

or a HQ of 0.1. 

5.5.1.2 A 0 1  Screening Step 2 - Background Comparison 

Sediment analyte results were compared against the background M2SD values presented 
in Appendix A, Volume 2, Attachment 5, where available. Background values are not 
available for organic constituents and other select inorganic and radionuclide 
constituents. Detection of these constituents above the detection limits indicates their 
presence in the environment. Laboratory qualifier codes were used to identify whether a 
constituent is detected. 

In A01 Screening Step 2, sediment analytical results are compared with the 
corresponding background M2SD value. For those analytes where sample results are 
below or equal to the corresponding background M2SD, the analyte is eliminated as a 
potential AOI. Analytes that have at least one sample result above the background 
M2SD are carried forward to A01 Screening Step 3. Analytes that do not have a 
background M2SD proceed to A01 Screening Step 3. 

5.5.1.3 AOI Screening Step 3 - PRG Comparison 

A01 Screening Step 3 involves comparison of the sediment results with the WRW PRG. 
If a constituent's maximum result is less than or equal to the PRG, it is eliminated as an 
AOI. For constituents where the maximum result is greater than the PRG, it is retained as 
an A01 and carried forward to A01 Screening Step 4. 
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5.5.1.4 AOI Screening Step 4 - Process Knowledge Evaluation 

A 0 1  Screening Step 4 involves the determination of whether an A01 should be retained 
or eliminated based on process knowledge or other criteria involving professional 
judgment. The process knowledge evaluation involves an assessment of contaminants 
that are not reasonably expected to be AOIs based on historical site process knowledge 
(K-H 2005) even though their concentrations or activities may equal or exceed the 
sediment WRW PRG. Process knowledge alone is not used to eliminate a constituent as 
an AOI. Other analyte criteria such as its areal distribution relative to RFETS activities, 
its proximity to contaminant sources, accelerated actions performed to remove a 
contaminant source, and its natural occurrence and distribution in the environment were 
also considered when evaluating whether to retain or eliminate a constituent as an AOI. 

5.5.2 Results of Sediment A 0 1  Screening 

Based on the A01 screening process shown on Figure 5.24, Ten sediment AOIs were 
identified and retained, including two SVOCs (benzo(a)pyrene and 
dibenz(a,h)anthracene), five metals (antimony, arsenic, chromium, silver, and thallium), 
and three radionuclides (americium-241, plutonium-239/240, and uranium-238). The 
constituents highlighted in color in Table 5.8 identify those constituents that have a 
frequency of detection between greater than 0 percent and less than 1 percent (green), 
between 1 percent and 5 percent (yellow), and greater than 5 percent (orange)) above the 
WRW PRG. Table 5.9 lists the sediment AOIs by drainage basin. 

, 

The frequency of detection for the sediment AOIs above the WRW PRG ranges between 
greater than 0 percent and less than 1 percent (five constituents), 1 to less than 5 percent 
(three constituents), and greater than 5 percent (two constituents). The sediment 
constituents identified and retained as AOIs are listed in Table 5.8 along with summary 
statistics for each constituent. Figure 5.25 through Figure 5.34 show the nature and 
extent of sediment AOIs. Sediment analytes eliminated as AOIs based on process 
knowledge or professional judgment are listed in Table 5.7. The extent of other surface 
water constituents evaluated in the nature and extent that were not retained as AOIs are 
included on a CD ROM as Figures A2.1 through A2.184 in Attachment 2. 

5.5.2.1 Polychlorinated Bkhenyls (PCBs), Dioxins, and Furans 

No PCBs, dioxins, or furans were identified as sediment AOIs. Table 5.6 summarizes 
PCBs and dioxins analyzed and reported in the data evaluated. The nature and extent of 
PCBs, dioxins, and furans that were not identified as sediment AOIs are listed in Table 
5.6 and shown on the extent maps in Attachment 2 (Figures A2.1 through A2.11). 

5.5.2.2 Pesticides, Herbicides, and Fungicides 

0 

No pesticides, herbicides, or fungicides were identified as sediment AOIs. Table 5.6 
summarizes pesticides, herbicides, and fungicides analyzed and reported in the data 
evaluated. The nature and extent of pesticides, herbicides, and fungicides that were not 
identified as sediment AOIs are listed in Table 5.6 and shown on the extent maps in 
Attachment 2 (Figures A2.12 through A2.47). 
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5.5.2.3 Semivolatile Organic Compounds (SVOCs) 

Benzo(a)pyrene and dibenz(a,h)anthracene were the only SVOCs retained as a sediment 
AOIs (Table 5.8). Figure 5.25 and Figure 5.26 show the extent of benzo(a)pyrene and 
dibenz(a,h)anthracene in sediments. Table 5.6 summarizes other SVOCs analyzed and 
reported in the data evaluated. SVOCs that were not identified as sediment AOIs are 
listed in Table 5.6 and shown on the extent maps in Attachment 2 (A2.48 through A2.96). 
Section 5.7.3.1 and Figure 5.25 through Figure 5.26 present further discussion of SVOC 
sediment AOIs. 

5.5.2.4 Volatile Organic Compounds (VOCs) 

No VOCs were identified as sediment AOIs. Table 5.6 summarizes VOCs analyzed and 
reported in the data evaluated. VOCs that were not identified as sediment AOIs are listed 
in Table 5.6 and shown on the extent maps in Attachment 2 (Figures A2.97 through 
A2.149). 

5.5.2.5 Metals 

Five metals (antimony, arsenic, chromium, silver, and thallium) were identified as 
sediment AOIs (Table 5.8). Table 5.6 summarizes other metals analyzed and reported in 
the data evaluated, but not retained as sediment AOIs. Metals that were not identified as 
sediment AOIs are shown on the extent maps in Attachment 2 (Figures A2.150 through 
A2.171). Section 5.7.3.2 and Figure 5.27 through Figure 5.31 present further discussion 
of the nature and extent of metal sediment AOIs. 

5.5.2.6 Radionuclides 

Three radionuclides (americium-24 1, plutonium-239/240, and uranium-238) were 
identified as sediment AOIs (Table 5.8). Table 5.6 summarizes the other radionuclides 
analyzed and reported in the data evaluated, but not retained as sediment AOIs. The 
nature and extent of radionuclides that were not identified as sediment AOIs are shown 
on the extent maps in Attachment 2 (Figures A2.172 through A2.179). Section 5.7.3.3 
Figure 5.32 through Figure 5.34 present further discussion of the nature and extent of 
radionuclide sediment AOIs. 

5.5.2.7 Water Quality Parameters 

No water quality parameters were identified as sediment AOIs. Table 5.6 summarizes 
sediment water quality parameters analyzed and reported in the data evaluated. The 
nature and extent of sediment water quality parameters that were not identified as AOIs 
are listed in Table 5.6 and shown on the extent maps in Attachment 2 (Figures-A2.180 
through A2.184). , 

5.6 Nature and Extent of Surface Water Contamination 
I 

This section summarizes the nature and extent of surface water AOIs at'RFETS. For 
each of the 19 AOIs in surface water, maps were created to show the relative 
concentration and extent of contamination at the site (Figure 5.5 through Figure 5.23). 
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5.6.1 Surface Water A 0 1  Extent Maps 

For each surface water A01  extent map, the results are displayed as four categories, as 
listed below, to identify the predominant areas of contaminant extent: 

0 

0 

Locations where the A01 is not detected; 

Locations where the A01 is detected but is less than or equal to the surface water 
background M2SD; 

Locations where the A01 is greater than the background M2SD but less than or 
equal to the surface water standard (that is, lowest surface water standard or PQL, 
whichever is higher); and 

Locations where the A01 is greater than the surface water standard (that is, lowest 
surface water standard or PQL, whichever is higher). 

0 

5.6.2 Temporal Data 

A01 sampling location symbol shapes are designed to show the 5-year time interval that 
the sample was collected. The time intervals identified on the surface water A01 extent 
figures are defined as: 

Sample collected since January 1,2000. 

5.6.3 Extent of AOIs in Surface Water 

Each of the surface water AOIs are mapped on Figure 5.5 through Figure 5.23 and are 
discussed by analyte group below. Figure 5.1 and Figure 5.3 shows the location of 
surface water monitoring locations, drainage basins and. site features discussed in the text. 

5.6.3.1 Volatile Organic Compounds (VOCs) 

Carbon tetrachloride, chloroform, cis-l,2-dichloroethene, methylene chloride, 
tetrachloroethene, trichloroethene, and vinyl chloride were the only VOCs identified as 
surface water AOIs (Table 5.4). Figure 5.5 through Figure 5.1 1 show the areal 
distribution of the surface water VOC AOIs. 

Figure 5.5 shows the extent of carbon tetrachloride in surface water. The majority 
(89 percent) of the sample results are less than the surface water standard. The frequency 
of detection of carbon tetrachloride in surface water above the surface water standard is 
approximately 1 1 percent. Carbon tetrachloride Occurrences above the surface water 
standard are primarily found at the footing drain outfalls from Buildings 771 and 774 and 
at SW061 on South Walnut Creek. 

Figure 5.6 shows the extent of chloroform in surface water. The majority (97 percent) of 
the sample results are less than the surface water standard. The frequency of detection of 
chloroform in surface water above the surface water standard is approximately 3 percent. 
Chloroform occurrences above the surface water standard are primarily found at the 
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footing drain outfalls from Buildings 771 and 774 and at SW33503 on the unnamed 
drainage between Buildings 37 1 and 77 1. 

Figure 5.7 shows the extent of cis-1,2-dichloroethene in surface water. The majority 
(99 percent) of the cis-1,2-dichloroethene results are less than the surface water standard. 
The frequency of detection of cis-l,2-dichloroethene in surface water above the surface 
water standard is approximately 1 percent. Cis-1,2 dichloroethene occurrences above the 
surface water standard are found at the SW056 outfall south of the 991 parking lot. 

Figure 5.8 shows the extent of methylene chloride in surface water. The majority (96 
percent) of the sample results are less than the background M2SD. The frequency of 
detection of methylene chloride in surface water above the surface water standard is 
approximately 4 percent. Methylene chloride occurrences above the surface water 
standard are primarily found at the footing drain outfall of Building 771, at the SW056 
outfall south of the 991 parking lot, and at SW061 and SW132 on South Walnut Creek. 

Figure 5.9 shows the extent of tetrachloroethene in surface water. The majority 
(94 percent) of the sample results are less than the surface water standard. The frequency 
of detection of tetrachloroethene in surface water above the surface water standard is 
approximately 6 percent. Tetrachloroethene occurrences above the surface water 
standard are primarily found at the Building 771 footing drain outfall, at the SW056 
outfall south of the 991 parking lot, and at SW061 and SW132 on South Walnut Creek. 

Figure 5.10 shows the extent of trichloroethene in surface water. The majority (95 
percent) of the sample results are less than the surface water standard. The frequency of 
detection of trichloroethene in surface water above the surface water standard is . 

approximately 5 percent. Trichloroethene occurrences above the surface water standard 
are primarily found at the SW056 outfall south of the 991 parking lot, at SW061 on South 
Walnut Creek, along South Walnut Creek at Ponds B-2 and B-4, and at a seep between 
Woman Creek and the SID at SW10300 southeast of the 903 Pad. 

Figure 5.1 1 shows the extent of vinyl chloride in surface water. The majority (99 percent) 
of the sample results are less than the background M2SD. The frequency of detection of 
vinyl chloride in surface water above the surface water standard is approximately 1 
percent. Vinyl chloride occurrences above the surface water standard are primarily found 
at the SW056 outfall south of the 991 parking lot and at Pond B-2 on South Walnut 
Creek. 

5.6.3.2 Metals 

Dissolved aluminum and total beryllium, chromium, lead, nickel, and zinc were the only 
metals identified as surface water AOIs (Table 5.4). Figure 5.12 through Figure 5.17 
show the areal distribution of the metal AOIs. 

Figure 5.12 shows the extent of dissolved aluminum in surface water. The majority 
(97 percent) of the sample results are less than the background M2SD. Note that the 
background M2SD for dissolved aluminum is above the surface water standard. The 
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frequency of detection of dissolved aluminum in surface water above both the 
background M2SD and the surface water standard is approximately 3 percent. Dissolved 
aluminum occurrences above the surface water standard are primarily found at the 
footing drain outfall (SW085) of Building 779. 

Figure 5.13 shows the extent of total beryllium in surface water. The majority (96 
percent) of the sample results are less than the background M2SD. The frequency of 
detection of total beryllum in surface water above the surface water standard is 
approximately 1 percent. Total beryllium occurrences above the surface water standard 
are primarily found at GS06 on the Owl Branch segment of Woman Creek, GS38 on the 
Central Avenue Ditch just east of sth Street, GS50 on a drainage ditch northeast of 
Building 990, and GS60 on a ditch northeast of Building 371/374 along the protected 
area patrol road. 

Figure 5.14 shows the extent of total chromium in surface water. The majority 
(97 percent) of the sample results are less than the background M2SD. Note that the 
background M2SD for total chromium is above the surface water standard. The 
frequency of detection of total chromium in surface water above both the background 
M2SD and the surface water standard is approximately 3 percent. Total chromium 
occurrences above the surface water standard are primarily found at GS06 on the Owl 
Branch segment to Woman Creek, GS38 on the Central Avenue Ditch just east of 8* 
Street, GS49 on the west-northwest side of Building 776, GS50 on a drainage ditch 
northeast of Building 990, GS60 on a ditch northeast of Building 3711374 along the 
protected area patrol road, and SW018 on the North Walnut Creek tributary just south of 
the 771 trailers. 

Figure 5.15 shows the extent of total lead in surface water. The majority (82 percent) of 
the sample results are less than the background M2SD. The frequency of detection of 
total lead in surface water above the surface water standard is approximately 5 percent. 
Total lead occurrences above the surface water standard are primarily found at GSOl at 
Woman Creek and Indiana Street, GS38 on the Central Avenue Ditch just east of 8th 
Street, GS49 on the west-northwest side of Building 776, GS50 on a drainage ditch 
northeast of Building 990, and GS60 on a ditch northeast of Building 371/374 along the 
protected area patrol road. 

Figure 5.16 shows the extent of total nickel in surface water. The majority (94 percent) of 
the sample results are less than the background M2SD. The frequency of detection of 
total nickel in surface water above the surface water standard is approximately 1 percent. 
Total nickel occurrences above the surface water standard are primarily found at GS38 on 
the Central Avenue Ditch just east of 81h Street and GS60 on a ditch northeast of Building 
371/374 along the protected area patrol road. 

Figure 5.17 shows the extent of total zinc in surface water. The majority (87 percent) of 
the sample results are less than the background M2SD. The frequency of detection of 
total zinc in surface water above the surface water standard is approximately 2 percent. 
Total zinc occurrences above the surface water standard are primarily found at GSOl at 
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Woman Creek and Indiana Street, GS32 a storm drain from Building 779, GS38 on the 
Central Avenue Ditch just east of 8* Street, GS50 on a drainage ditch northeast of 
Building 990, and SW100100. 

5.6.3.3 Radionuclides 

Total americium-241, gross alpha, gross beta, plutonium-239/240, and uranium isotopes 
were the only radionuclides identified as surface water AOIs (Table 5.4). Figure 5.18 
through Figure 5.22 show the areal distribution of the radionuclide AOIs. 

Figure 5.18 shows the extent of total americium-241 in surface water. Most (60 percent) 
of the sample results are less than the background M2SD. The frequency of detection of 
total americium-241 in surface water above the surface water standard is approximately 
17 percent. Total americium-241 occurrences above the surface water standard are 
primarily found within the IA and along Walnut and Woman Creeks downstream of the 
IA . 

Figure 5.19 shows the extent of total gross alpha in surface water. The majority 
(91 percent) of the sample results are less than the background M2SD. Note that the 
background M2SD for total gross alpha is above the surface water standard. The 
frequency of detection of total gross alpha in surface water above both the background 
M2SD and the surface water standard is approximately 9 percent. Total gross alpha 
occurrences above the surface water standard are primarily found at SW20105 along the 
unnamed drainage between Buildings 371 and 77i and atCG49-031 in the Bowman's 
Pond area. 

Figure 5.20 shows the extent of total gross beta in surface water. The majority 
(91 percent) of the sample results are less than the background M2SD. Note that the 
background M2SD for total gross beta is above the surface water standard. The 
frequency of detection of total gross beta in surface water above both the background . 

M2SD and the surface water standard is approximately 9 percent. 'Total gross beta 
occurrences above the surface water standard are primhly found at SW20105 along the 
unnamed drainage between Buildings 371 and 77 1. 

Figure 5.21 shows the extent of total plutonium-239/240 in surface water. Most 
(54 percent) of the sample results are less than the background M2SD. The frequency of 
detection of total plutonium-239/240 in surface water above the surface water standard is 
approximately 21 percent. Total plutonium-2391240 occurrences above the surface water 
standard are primarily found within the IA and along Walnut and Woman Creeks 
downstream of the IA. 

Figure 5.22 shows the extent of total uranium isotopes in surface water. The majority 
(94 percent) of the sample results are less than the background M2SD. The frequency of 
detection of total uranium isotopes in surface water above the surface water standard is 
less than 4 percent. The only total uranium isotopes occurrence above the surface water 
standard is found along North Walnut Creek at Ponds A-1 and A-2, SW036 on the South 
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Interceptor Ditch south of Building 664 , and SW120 a drainage ditch north of the Solar 
Evaporation Ponds along the south side of the protected area patrol road. 

5.6.3.4 Water Quality Parameters 

Nitratehitrite (as N) was the only water quality parameter identified as surface water 
A01 (Table 5.4). Figure 5.23 show the areal distribution of nitratehitrite (as N) in 
surface water. 

Figure 5.23 shows the extent of nitratehitrite (as N) in surface water. Most (58 percent) 
of the sample results are less than the background M2SD. The frequency of detection of 
nitratehitrite (as N) in surface water above the surface water standard is approximately 
16 percent. Nitratehitrite (as N) Occurrences above the surface water standard are 
primarily found at the outfall from the Building 774 footing drain, GS13 on North 
Walnut Creek, and Ponds A-2 and A-3 outfalls on North Walnut Creek. 

5.6.4 Summary of Surface Water AOIs 

Nineteen surface water AOIs were identified and retained for further evaluation (Table 
5.4 and Figure 5.5 through Figure 5.23). These AOIs include seven VOCs (carbon 
tetrachloride, chloroform, cis-1 ,2-dichloroethene, methylene chloride, tetrachloroethene, 
trichloroethene, and vinyl chloride), six metals (dissolved aluminum and total beryllium, . 
chromium, lead, nickel, and zinc), five radionuclides (total americium-241 , gross alpha, 
gross beta, plutonium-239/240, and uranium isotopes), and one water quality parameter 
(nitratehitrite (as N). All of these AOIs are above their respective WRW PRGs. Table 
5.5 lists the surface water AOIs by drainage basin. These AOIs will be further evaluated 
in Section 7.0. 

5.7 Nature and Extent of Sediment Contamination 

This section summarizes the nature and extent of sediment AOIs at RFETS. For each of 
the ten sediment AOIs (Table 5.8), maps were made to show the extent of contaminants 
in sediment at the site. Sediment data are shown as sediment A01 extent maps (Figure 
5.25 through Figure 5.34). 

5.7.1 Sediment A 0 1  Extent Maps 

For each sediment A01 extent map, results are displayed as five categories, as listed 
below, to identify the predominant areas of contaminant extent: 

Locations where the A01 is not detected. 

Locations where the A01 is detected but is less than or equal to the sediment 
background M2SD. 

Locations where the A 0 1  is greater than the M2SD but is less than or equal to the 
WRW PRG (that is, a target 1 x excess carcinogenic risk or a HQ of 0.1). 
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Locations where the A01 is greater than the WRW PRG but is less than or equal 
to 10 times the WRW PRG, that is 1 x 

Locations where the A01 is greater than 10 times the WRW PRG. 

excess carcinogenic risk or a HQ of 1. 

5.7.2 Temporal Data 

A01 sampling location symbol shapes are designed to show the 5-year time interval that 
the sample was collected. The time intervals identified on the A01 extent figures are 
defined as: 

Samples collected between June 28,1991 and December 31,1994; 

Samples collected between January 1,1995 and December 31, 1999; and 

Samples collected since January 1,2000. 

5.7.3 Extent of AOIs in Sediment 

Each of the sediment AOIs are mapped on Figure 5.25 through Figure 5.34 and are 
discussed by analyte group below. Figure 5.2 and Figure 5.3 shows the sediment 
sampling locations, surface water drainage basins, and site features discussed in the text. 

5.7.3.1 Semivolatile Organic Compounds (SVOCs) 

Benzo(a)pyrene and dibenz(a,h)anthracene were the only SVOCs identified as a sediment 
AOIs (Table 5.8). Figure 5.25 and Figure 5.26 shows the extent of benzo(a)pyrene and 
dibenz(a,h)anthracene in sediments. 

Figure 5.25 shows the extent of benzo(a)pyrene in sediments. Benzo(a)pyrene 
concentrations in sediment are above the PRG (9.7 percent), but less than 10 times the 
PRG. Benzo(a)pyrene occurrences above the PRG are primarily found along South 
Walnut Creek at Pond B-4, the Bowman’s Pond area, the Central Avenue Ditch adjacent 
to Tanks 221 and 224, the 750 Pad, the 904 Pad, the Central Avenue Ditch upstream of 
the North Perimeter Road, the North Perimeter Road west of Building 37 1, and a 
tributary to the SJD that drains the Building 881 area. 

Figure 5.26 shows the extent of dibenz(a,h)anthracene in sediments. 
Dibenz(a,h)anthracene concentrations in sediment are above the WRW PRG (0.4 
percent), but less than 10 times the WRW PRG. The only occurrence of 
dibenz(a,h)anthracene above the WRW PRG is found in a single characterization sample 
(CR31-005) from 0 to 0.5 feet below grade at Pond C-1. 

5.7.3.2 Metals 

Antimony, arsenic, chromium, silver, and thallium were the only metals identified as 
sediment AOIs (Table 5.8). Figure 5.27 through Figure 5.3 1 show the areal distribution 
of the sediment metal AOIs. 
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Figure 5.27 shows the extent of antimony in sediments. The majority (95 percent) of the 0 
sample results are less than the background M2SD. The frequency of detection of 
antimony in sediment above the WRW PRG is approximately 0.3 percent. None of the 
antimony results exceed 10 times the WRW PRG. Only one occurrence of antimony in 
sediments above the PRG is found at the site. This occurrence is in a tributary ditch to 
the SID southwest of Building 664. 

Figure 5.28 shows the extent of arsenic in sediments. The majority (75 percent) of the 
arsenic results are less than the background M2SD. Note that the arsenic background 
M2SD is greater than the WRW PRG. The frequency of arsenic concentrations in 
sediment above both the background M2SD and WRW PRG is approximately 25 percent. 
Only 0.3 percent of the arsenic sediment samples have a frequency of detection above 10 
times the WRW PRG. Arsenic occurrences above the PRG are primarily found along 
North and South Walnut Creeks, the SID, 400 Area, Central Avenue Ditch, Pond C-2, No 
Name Gulch downstream of the Landfill Pond, Rock Creek, and at Ponds D-1 and D-2. 
Single occurrences are found on Owl Branch, a tributary to Woman Creek south of Owl 
Branch, and the Antelope Creek headwaters. The concentration in the sediment sample 
from the headwaters of Antelope Creek is greater than 10 times the WRW PRG. 

Figure 5.29 shows the extent of chromium in sediments. The majority (90 percent) of the 
chromium results are less than the background M2SD. The frequency of detection of 
chromium in sediment above the WRW PRG is approximately 4 percent. None of the 
chromium samples exceed 10 times the WRW PRG. Chromium occurrences above the 
WRW PRG are primarily found along North Walnut Creek upstream of Pond A-1 and in 
Ponds A-2 and A-3, Pond B-4, Pond C-1, along the West Diversion Ditch, 400 Area, 
along the tributary ditch to the South Interceptor Ditch (SID) southwest of Building 664, 
and along the 750 Pad. 

Figure 5.30 shows the extent of silver in sediments. The majority (94 percent) of the 
silver results are less than the background M2SD. The frequency of detection of silver in 
sediments above the WRW PRG is approximately 0.3 percent. None of the silver results 
exceed 10 times the WRW PRG. The only silver occurrence above the WRW PRG is 
found in a characterization sample (DB47-004) from 2.5 to 3.9 feet below grade at Pond 
B-4. 

Figure 5.31 shows the extent of thallium in sediments. The majority (96 percent).of the 
sample results are less than the background M2SD. The frequency of detection of 
thallium in sediments above the WRW PRG is approximately 0.3 percent. The only 
thallium occurrence above the WRW PRG is found in a characterization sample (CR31- 
005) from 0 to 0.5 feet below grade at Pond C-1 . 

5.7.3.3 Radionuclides 

Americium-241 , plutonium-239/240, and uranium-238 were identified as sediment AOIs 
(Table 5.8). Figure 5.32 through Figure 5.34 show the areal distribution of the 
radionuclide AOIs. 
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Figure 5.32 shows the extent of total americium-241 in sediments. One-half (52 percent) 
of the americium-241 results are less than the background M2SD. The frequency of 
detection of americium-241 in sediment above the WRW PRG is approximately 1 
percent. None of the americium-241 samples exceed 10 times the WRW PRG. The only 
occurrences of americium-241 above the WRW PRG are found in Pond B-4. 

Figure 5.33 shows the extent of plutonium-2391240 in sediments. Most (64 percent) of 
the plutonium-239/240 results are less than the background M2SD. The frequency of 
detection of plutonium-239/240 in sediment above the WRW PRG is approximately 3 
percent. Only 0.2 percent of the plutonium-239/240 results is above 10 times the WRW 
PRG. Plutonium-239/240 occurrences in sediment above the PRG are primarily found 
along North Walnut Creek at Ponds A-1 and A-2, South Walnut Creek at Pond B-4, and 
single occurrences along the SID south of the 903 Pad, a ditch southeast of the 903 Pad in 
the Lip Area, and the Central Avenue Ditch at the comer of 8th and Central Avenue. 

Figure 5.34 shows the extent of uranium-238 in sediments. The majority (95 percent) of 
the uranium-238 results are less than the background M2SD. The frequency of detection 
of uranium-238 in sediment above the WRW PRG is approximately 0.2 percent. None of 
the uranium-238 samples exceed 10 times the WRW PRG. Only one occurrence of 
uranium-238 in sediments above the WRW PRG is found at the site. This occurrence is in 
a drainage ditch along the south side of Building 444. 

5.7.4 Summary of Sediment AOIs 

Ten sediment AOIs were identified and retained for further evaluation (Table 5.8 and 0 
Figure 5.25 through Figure 5.34). These AOIs include two SVOCs (benzo[a]pyrene and 
dibenz[a,h]anthracene), five metals (antimony, arsenic, chromium, silver, and thallium), 
and three radionuclides (americium-241, plutonium-2391240, and uranium-238). All of 
these AOIs are above their respective WRW PRGs. Only arsenic and plutonium-239/240 
are above 10 times the WRW PRG. A summary of the sediment AOIs by drainage basin 
is provided in Table 5.9. These AOIs will be further evaluated in Section 7.0. 

5.8 References 
CDH, 1992, Project Tasks 3 & 4 Final Draft Report, Reconstruction of Historical Rocky 
Flats Operations & Identification of Release Points, prepared by ChemRisk, August 
1992. 

Colorado WQCD, 1993, Guidance On Data Requirements And Data Interpretation 
Methods Used In Stream Standards And Classification Proceedings, July. 

Colorado WQCD, 2004, Guidance On Data Requirements And Data Interpretation 
Methods Used In Water Quality Standards And Classification Proceedings, August. 

Colorado WQCD, 2005, Section 303(d) Listing Methodology, 2006 Listing Cycle, Joint 
Colorado WQCC and Colorado WQCD document (not dated - available on CDPHE 
website). 0 
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SED00695 
SED01595 
SED02295 
SED02695 

2 02/28/95 04/25/95 Surface Water 
1 04/25/95 04/25/95 Surface Water 
1 04/27/95 04/27/95 Surface Water 
2 0212 1/95 04/25/95 Surface Water 
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SW056 
SW057 
SW058 
SW059 

Surface Water 6 071 1 519 1 051 1 3/02 
1 03/25/92 03/25/92 Surface Water 
1 03/25/92 03/25/92 Surface Water 

132 08/07/91 06/04/98 Surface Water 

SW056 
SW057 
SW058 
SW059 

Surface Water 6 071 1 519 1 051 1 3/02 
1 03/25/92 03/25/92 Surface Water 
1 03/25/92 03/25/92 Surface Water 

132 08/07/91 06/04/98 Surface Water 
SW060 
SW061 
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11 071 1 2/9 1 10/22/00 Surface Water 
160 07/12/91 12/27/04 Surface Water 

SW060 
SW061 

11 1 07/12/91 I 10/22/00 I Surface Water 
I 160 I 07/12/91 I 12/27/04 I Surface Water 

SW062 
SW063 
swo64 
SW068 
SW069 
SW070 

3 08/06/9 1 10/09/9 1 Surface Water 
3 08/09/9 1 08/30/91 Surface Water 
2 08/30/91 03/26/92 Surface Water 
5 071 1019 1 11/30/93 Surface Water 
4 0711 019 1 101 1019 1 Surface Water 
13 071 1019 1 09/26/95 Surface Water 



Table 5.1 
Summary of Surface Water and Sediment 

SW20205 
SW20305 
SW20405 
SW20505 

1 12/03/04 12/03/04 Surface Water 
1 12/04/04 12/04/04 Surface Water 
1 12/04/04 12/04/04 Surface Water 
1 12/04/04 1 2/04/04 Surface Water 

S W 20605 
SW20705 

DEN/E03200501 I.DOC 

\Q\ 

1 1 2/04/04 12/04/04 Surface Water 
1 12/04/04 12/04/04 Surface Water 
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CM37-03 1 
CM37-032 
CN37-012 
CN3 8-0 16 
CN38-017 
CN66-000 

1 02/06/03 02/06/03 Sediment 
1 02/06/03 02/06/03 Sediment 
1 021 10103 021 10103 Sediment 
1 02/06/03 02/06/03 Sediment 
1 02/06/03 02/06/03 Sediment 
1 12/29/04 12/29/04 Sediment 

CS53-00 1 
CS5 3 -002 
CS5 3 -003 
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1 07/07/05 07/07/05 Sediment 
1 07/07/05 07/07/05 Sediment 
1 07/07/05 07/07/05 Sediment 
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SED03295 
SED0330400 I 

SED034 
SED0340400 
SED03495 
SED0350400 
SED036 

1 02/ 1 5/95 02/15/95 Sediment 
1 06/20/00 06/20/00 Sediment 
1 0812719 1 0812719 1 Sediment 
1 06/20/00 06/20/00 Sediment 
1 03/14/95 03/14/95 Sediment 
1 06/20/00 06/20/00 Sediment 
1 0812619 1 08/26/9 1 Sediment 

l o  
SED04795 
SED04895 
SED05095 
SED05 195 
SED05295 
SED05 3 95 

1 0311 5/95 03t 15/95 Sediment 
1 03/03/95 03/03/95 Sediment 
1 0311 6/95 0311 6/95 Sediment 
1 031 16/95 03/16/95 Sediment 
1 031 16/95 03/16/95 Sediment 
1 02/21/95 02/21/95 Sediment 

SED05795 
SED06095 
SED06 195 
SED06295 
SED06695 
\SED06895 

1 02/15/95 02/15/95 Sediment 
1 02/24/95 02/24/95 Sediment 
1 02/24/95 02/24/95 Sediment 
1 03/01/95 0310 1/95 Sediment 
1 02/22/95 02/22/95 Sediment 

I 1 I 03/01/95 I 03/01/95 I Sediment I 
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SED506 
SED507 
SED508 
SED509 
SED5 10 

SED4 1000 1 10/03/00 I Sediment 
SED4 1 100 1 I 10/04/00 I 10/04/00 I Sediment 

1 11/05/92 11/05/92 Sediment 
1 11/05/92 11/05/92 Sediment 
1 11/09/92 11/09/92 Sediment 
1 11/09/92 11/09/92 Sediment 
1 11/09/92 11/09/92 Sediment 

3cu3 1 L 
SED5 13 
SED5 1593 

I SED5 1 I 
1 1 I I I U I Y L  

1 11/10/92 
07/08/93 1 

1 n- .An .^^ 

I 

SED5 1793 
SED5 1893 
SED60092 

I 

Sediment 1 07/08/93 07/08/93 
1 07/08/93 07/08/93 Sediment 
2 10129192 06/06/94 Sediment 

~ 

I 11/10/92 

SED60192 
SED60292 
SED60392 
SED60492 
SED60592 

I 11/10/92 I Sediment I 

2 11/02/92 06/06/94 Sediment 
2 10129192 06/06/94 Sediment 
2 10129192 06/06/94 Sediment 
2 11/02/92 06/06/94 Sediment 
2 11/12/92 06/01/94 Sediment 

11/10/92 

07/08/93 Sediment 

I , * , , f i , A *  

I U//U8/IIY5 07/08/93 I Sediment I 
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0 

SED68992 
SED69292 
SED69392 
SED69492 
SED69692 
SED69792 
SED69892 

Table 5.1 
Summary of Surface Water and Sediment 

1 05/07/93 05/07/93 Sediment 
1 05/07/93 05/07/93 , Sediment 
1 05/10/93 05/10/93 Sediment 
1 05/10/93 0511 0193 Sediment 
1 051 10193 05/10/93 Sediment 
1 05/10/93 05/10/93 Sediment 
1 0511 0193 051 10193 Sediment 

SS460394 
SS614792 
SS711193 
SS711593 
S S9040400 
SW01793 

. 

1 10/10/94 1 O/ 10/94 Sediment 
1 10/06/92 10/06/92 Sediment 
2 1211 1/92 04/08/93 Sediment 
1 1 21 1 8/92 121 18/92 Sediment 
1 02/28/00 02/28/00 Sediment 
1 11/29/93 11/29/93 Sediment 

sw022 
SW030 
SW036 

1 0612 1/94 0612 1/94 Sediment 
1 11/29/93 11/29/93 Sediment 
1 11/29/93 11/29/93 Sediment 
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35 
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18 
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35 
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45 
410 
38 
184 

72 
10 

16 

0 
1 

33 
1092 

4 
0 
0 
0 
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Table 5.2 
Surface Water A 0 1  Screening For Results From January 1,2000 To Present 

n 2  - 401 Screen 1 

e. 
P 

t 
U 
a 

I. 
L s 
U 

$ m 
a 
e e 
" 

YCS 

Yes 
YCS 

YCS 

YCS 

YCS 

Yes 
YCS 

Yes 
YCS 

YCS 

Yes 
YCS 

Ycs 
YCS 

Yes 
YCS 

YCS 

YCS 

YCS 

YCS 

YCS 

Ycs 

Yes 
YCS 

Yes 
YCS 

Yes 
YCS 

YCS 

YCS 

YCS 

A 0 1  S a  -r AOISc & 
1 

4 0 1  Screen 4 

Y 

Y e .  
9 

i e  
4: :E 
u l  2 ;  
e %  
I5 
r :  

1 

m 
% L  

$ 2  
f 
" 

No 
No 
NO 
NO 

NO 

NO 

No 
No 
No 
NO 

No 
No 
No 
No 

L - 8 

a e  

m a 

a P 

3 

56 0 
5 0 
750 0 
5 0 

99.3 0 
12.1 0 

IO 0 
1.4 0 
70.4 0 
20 0 
IO 0 
100 0 
12 0 
12 0 
2442 0 

1 0 
1 0 
1 0 

1 0 

1 0 

1 0 

I 0 
I O  0 
30 0 
2442 0 
IO 0 
IO 0 
35 0 
700 0 
50 0 
50 0 
140 0 

10042-7 

744042-8 

0.00 84 

24.32 4.1 
60.00 180 
31.94 2.1 
47.30 7.6 
64.86 9.5 
14.86 5.62 
13.51 0.31 
60.81 6 
42.71 19 
51.35 8.9 
19.13 73.6 
7.49 7.1 
13.89 4.1 
29.09 10.28 
0.00 0.5 
0.00 0.5 
0.00 0.5 
0.00 0.5 
0.00 0.5 
22.22 0.1 

0.00 0.5 
0.00 33 
5.26 0.238 
100.00 17.97 
56.99 0.982 
0.00 33 
2.44 0.2 
0.00 84 
0.00 33 
0.00 33 
0.00 33 

1.890284 0 
- - 

1.7353851 0 
1.0305985 0 
6.745096 0 
1.3182206 0 
1,9594613 0 
!7.756419 0 
'.4081713 2 
i.1688351 3 
i.4061355 2 
!7.289939 0 
10.544728 0 
- - 
- - 
- - 
- - 
_ - 
- - 
- - 
- - 
- - 
- - 
- - 

1.1783814 110 
- - 
- - 
- - 
- - 
- - 
- - 

7439-92-1 

7440-02-0 
778249-2 
778249-2 
7440-224 
7440-28-0 
7440-28-0 

12674-1 1-2 
I llo4-28-2 
11141-16-5 
53469-2 1-9 
12672-29-6 
11097-69-1 
11096-82-5 

77474 
13994-20-2 

NO 

NO 

No 
No 
NO 

No 

No 
No 
NO 

NO 

NO 

No 
NO 
No 
NO 

No 

151 17-96-1 
95-94-3 
120.82-I 
95-954 
88-06-2 
120.83-2 
105-67-9 
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10.2 
9.7 

12200 
120 

52.77 
15 

348 
1330 
56.28 

34oo00 
66 
262 
44 
354 
310 
108 

46000 
521 

1200000 
84 

398 
4400 

259 
4470 
36.5 
I 400 

398000 

D 
B 
BD 

D 

Table 5.2 
Surface Water A 0 1  Screening For Results From January 1,2000 To Present 

'T en3 

g 
C 

--a E,% 
5 P  
5 s  5 :  

6 :  
P G  
E 
" 3  

2 
2 
O 

- 
1.32 
1.35 
I .45 
2.19 
2.90 
3.44 
3.86 
3.95 
4.11 
4.19 
4.55 
4.83 
5.14 

5.88 
6.76 
10.63 
11.05 
14.86 
15.63 
16.35 
16.99 
18.75 
18.95 
20.57 
35.21 
50.00 
51.35 
74.69 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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- 
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401 Screen 4 A 0 1  Screen 5 

55 
a .- 
v 

2 
I 
6 
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- 
16.56 
50.00 
11.11 

90.51 
27.05 
17.86 
27.54 
89.38 
46.58 
100.OO 
100.00 

13.53 
78.41 
12.75 
89.19 
13.04 

65.17 
71.62 
40.63 
94.81 
42.40 
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71.58 
48.10 
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- 
- 
- 
- 
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I0o.M) 
86.49 
99.27 
- 
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70 
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YCS 

YCS 

Yes 
Yes 
Yes 
Yes 

YCS 

Yes 

MEr AOtimaOy D 
VOC Vinyl chlcridc T 
MET zinc T 

2 
2000 
3.4 
IO 

4.6 
50 
87 
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- 

Eliminated 
- 

I O  
25oooo 
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50 

YCS 

YCS 

Yes 
Ycs 

Yes 
YCS 

Ycs 
YCS 
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YCS 

YCS 

Ycs 
Yes 
Yes 
Yes 
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I 

158.7 
I 

,31283 Yes 
,35135 Yes 

- -- 
6.4929 Yes 
1.3542 Yes 

4.8649 Ycs 
3.3333 Yes 

I O  

300 
7 

loo00 
0.15 

8 
500 
0.15 
200 

- 
Eliminated 
- 

Eliminated 
- 

E l i t e d  
Eliminated 

50 
1000 

Yes 
Yes 
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Surface 

Iron 

Manganese 

Uranium 

Uranium-238 

Chloride 

Gmonia  (as N) 

Table 5.3 
Vater AOIs Eliminated or Retained Based On Process Knowledge 

Dissolved iron was not retained as an A01 because it only occurs above the surface water 
standard at the former Present Landfill seep which has been remediated. Total iron was not 

retained as an A01 because it is a ubiquitous, naturally-occurring constituent of the 
particulates that comprise the total iron analysis. Iron commonly occurs as a chemical 

component of the particulate, suspended ferric oxyhydroxides, and as coatings on 
particulates. Based on results of different exposure scenarios, iron was not carried forward as 

a material of concern for the ChemRisk process (DOE, 2005). 
Manganese was eliminated as an A01  based on process knowledge that it was not identified 

or discussed in building process information (CDH, 1992; DOE, 2004d). Manganese has not 
been found associated with UBC sites (DOE, 2004d). Only small quantities were identified 
to be in inventory with the exception of manganous sulfate which had an inventory in 1974 

of 2560 kilograms and then later in 1988 of 0.06 kilograms (the specific use was not clear in 
the ChemRisk reports). Based on results of different exposure scenarios, manganese was not 

cb ied  forward as a material of concern for the ChemRisk process (DOE, 2005). 
Although uranium (as a metal) has a frequency of detection above 1%, it was not retained as 
an AOI. Total uranium isotopes, which is the sum of the individual uranium-233, -234, -235, 

and -238, was retained as the uranium A01 instead. 
Although uranium-238 has a frequency of detection above 1%. it was not retained as an A01 
because there is not a surface water standard for indvidual uranium isotopes. Total uranium 
isotopes, which is the sum of the individual uranium-233, -234, -235, and -238, was retained 

as the uranium A01  instead. 
Although chloride has a frequency of detection above 1%, it was not retained as an A01 

because the primary source of chloride at RFETS was salt used as a deicer on roads during 
the winter. 

Although ammonia (as N) has a frequency of detection above 1%, it was not retained as an 
A01 because its only occurrence is at the Present Landfill keep. A final remedial action has 

been taken at the Present Landfill. 
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MET 
M!3. 
VOC 
VOC 
rn 
VOC 
VOC 
MET 
MET 
RAD 
VOC 
hEr 
VOC 
VOC 
RAD 

WQP 
RAD 

RAD 

RAD 

Table 5.4 
Surface Water AOIs For Results From January 1,2000 To Present 

Nickel 
Beryllium 

ciSl.2-Dichlcmcthcnc 
Vinyl chloride 

zinc 
chlrmfam 

Mcthylcnc Chloride 
chmmium 
Allrmioum 

uranium Lraopcs 
TriChlamCthCnC 

Lend 
TCbachlmXlhCnC 

Cmtcm TceaEhlmdc 
Grc.sAlphs 

Niwtch'itritc (as N) 
Americium-241 

Gross Bels 

Plulmium-239R40 

E 
E .- 
Y - 
6 

r: I 

- 
96.15 
67.76 
16.56 
11.11 

90.51 
27.05 
27.54 
89.38 
46.58 
100.00 
13.53 
78.41 
12.75 
13.04 
40.63 

94.81 
42.40 
75.00 
48.10 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

I I I 

61 6.35 
53 4.05 
- _  
_ _  
127 13.24 
_ _  
_ _  
44 3.34 
2 2.74 

112 6.26 
_ _  
173 18.13 
_ _  
_ -  
3 9.38 

270 42.45 
821 39.51 
3 9.38 

981 46.49 

YCS 100 

Yes 5 
_ 70 
_ 2 

Ycs 2MM 
3.4 
4.6 

YCS 50 

YCS 87 

YCS IO 
2.5 

YCS 50 
- 1 

- I 

Yes 7 
Yes IWM) 
Ycs 0.15 

YCS 8 

Yes 0.15 

- 
- 

- 

The fmc9ycrcy of dctectim of thc analytc cmccnwtim abovc thc l o w s  d s c c  w t c r  sandard a PpL. whichever is higbcr. is grcatcr than (>) 0 B and lcss than (<) I B. 

?IC f i c q ~ ~ n c y  of dctectim of the analytc cmccnwtim above Ihc lo- d a c e  w t c r  sandard a PQL. whichever is higkr.  is grcatcr than (>) a qual to I % and less than (<) 5 B. 

Ibc fmqucncy of dctcctim of thc d y t c  carcnWtia0 above the l o w s  d a c e  w t c r  standard OT PQL, whichever is higher. is p a t c r  than (>) 5 %. 
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Table 5.5 
Summarv of Surface Water AOIs By Drainage Basin 

Walnut Creek 
Walnut Creek 
Walnut Creek 
Walnut Creek, Woman Creek 
Walnut Creek 
Walnut Creek 
Walnut Creek, Woman Creek 
Walnut Creek, Woman Creek 
Walnut Creek. Woman Creek 

I Walnut Creek I Carbon Tetrachloride I 
Chloroform I 

cis-1 ,ZDichloroethene 
Methylene Chloride 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

Total Beryllium 
Total Chromium . 

Dissolved Aluminum , 

Total Lead I 

I Walnut Creek 

~~ 

Walnut Creek 
Walnut Creek 
Walnut Creek, Woman Creek 
Walnut Creek 
Walnut Creek 
Walnut Creek, Woman Creek, Rock Creek 
Walnut Creek, Woman Creek 
Walnut Creek 

Total Nickel 
Total Zinc 

Total Americium-24 1 
Total Gross Alpha 
Total Gross Beta 

Total Plutonium-239/240 
Total Uranium Isotopes 

Nitratemitrite (as N) 
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svoc 
PCB 
UAD 

Lhb.n/.(a.h)e .....--. .. 
PCB- I2SJ I llW7-69-1 

Amennum24 I I 86954-36-1 
METAL 

RAD 
RAD 

METAL 
METAL 
svoc 

METAL 
RAD 
RAD 

METAL 
RAD 

Iron 7439-89-6 
Radium226 13982-63-3 

Plutonium239/240 
Chromium 7440-47-3 
Alunrinum 7429-90-5 

Benzo(a)pyrene 50-32-8 
Manganese 7439-96-5 
Cesium-134 13967-70-9 
Cesium-137 10045-97-3 

Arsenic 7440-38-2 
Radium228 15262-20-1 

Table 5.6 
Sediment A 0 1  Screening 

I 1 A01  Sen 

I 
A 0 1  Screen 1 

h 

E d  Y a  
Lr 

0.35 Yes 
0.95 Yes 
1.30 Yes 
1.81 Yes 
2.65 Yes 
3.33 Yes 
4.15 Yes 
5.70 Yes 
9.66 Yes 
12.95 Yes 
18.25 Yes 
27.43 Yes 
81.30 Yes 
97.89 Yes 

P 

z 
c1 

8 a 
Cn 
d V 
H B P d 

l?AQ 
Yes 
VP. 

83.16 

51.63 
7.51 
11.50 
64.03 
10.10 
17.10 

- 
- 
- 
- 
- 
- 

Yes 1 7.69 I 6 
Yes I 33326087 I 7 

Yes 
Yes 
Yes Yes I 2.69 I 3 Eliminated I No I 

.---- Yes _____ Yes 
Eliminated No 
- Yes 

Eliminated No 
Eiiminated No 
Eliminated No 
- Yes 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

245 18 
17996187 

0.25 
0.96 

28418 

379 
Yes 419000 
VP. n nx 7 5  

1.33 
25.45 
1 .05 

- 
- 
- Eliminated I Nu I Yes 0.1 1 

Not Applicable 
n e  frequency of detection of the analyte concentration above the PRG is greater than (>) 0 96 and less than (<) 1 96. 
n e  frequency of detection of the analyte concentration above the PRG is greater than (>) or qual to 1 96 and less $an (<) 5 96. 
n e  frequency of detection of the analyte concentration above the PRG is greater than (>) 5 96. 

' Il~e results presented in this table are ordered by inCm%ing frequency of detection above the WRW PRG Note: 
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Table 5.7 
Sediment AOIs Eliminated or Retained By Process Knowledge 

PCB- 1254 
PCB-1260 

Aluminum 

Iron 

Manganese 

Cesium- 134 

Cesium- 137 

Only one occurrence of PCB-1254 and PCB-1260 were found above the PRG and occurs 
at the outfall of the drainage pipe from Building 991. This area has been remediated and 
the sediments removed, thus eliminating the only occurrence of PCBs above the PRG. 

Aluminum was not retained as a sediment A01 because it is a ubiquitous, naturally- 
occurring constituent of the particulates that comprise the sediments. Aluminum and 

aluminum chemicals were used at the site in various metallurgical operations, however, 
aluminum was not carried forward as a material of concern for the ChemRisk process 

(DOE 2005). 
Iron was not retained as a sediment A01 because it is a ubiquitous, naturally-occurring 
constituent of the particulates that comprise the sediments. Iron commonly occurs as a 
chemical component of the particulate, suspended ferric oxyhydroxides, and as coatings 
on particulates. Based on results of different exposure scenarios, iron was not carried 

forward as a material of concern for the ChemRisk process (DOE 2005). 
Manganese was not retained as a sediment A01 because it is a ubiquitous, naturally- 

occurring constituent of the particulates that comprise the sediments. Manganese was not 
identified or discussed in building process information (CDH, 1992; DOE, 2004d). 

Manganese has not been found associated with UBC sites (DOE 2004d). Only small 
quantities were identified to be in inventory with the exception of manganous sulfate 

which had an inventory in 1974 of 2560 kilograms and then later in 1988 of 0.06 
kilograms (the specific use was not clear in the ChemRisk reports). Based on results of 

different exposure scenarios, manganese was not carried forward as a material of concern 
for the ChemRisk process (DOE 2005). 

A review of possible contaminants of concern at RFETS identified cesium-134 as a 
radionuclide used for research, analytical, and calibration activities (for example, sealed 

and plated sources) (DOE 200%). Based on limited quantities, cesium-134 release to the 
environment was estimated to be minimal or there would be no release. The detection of 

cesium-1 34 (along with other radionuclides) in environmental samples from 1970 
through 1981 was consistent with the presence of fission products from worldwide falloul 

and the levels were typical of other sites sampled in the western United States. The 
Background Soils Characterization Program conducted in the early 1990’s stated that 
cesium-1 34, cesium-137 and strontium-89+90 were not windborne contaminants from 

RFETS (DOE 1995). Cesium-134 has a half life of 2.06 years. 

Cesium-134 is distributed in regional soils as a result of fallout from nuclear-weapons 
explosions (DOE 1995). 

A review of possible contaminants of concern at RFETS identified cesium-137 as a 
radionuclide used for research, analytical, and calibration activities (for example, sealed 
and plated sources) (DOE 200%). Based on limited quantities, cesium-137 release to the 
environment was estimated to be minimal or there would be no release. The detection of 

cesium- 137 (along with other radionuclides) in environmental samples from 1970 
through 1981 was consistent with the presence of fission products from worldwide fallout 

and the levels were typical of other sites sampled in the western United States. The 
Background Soils Characterization Program conducted in the early 1990’s stated that 
cesium-134, cesium-137 and strontium-89+90 were not windborne contaminants from 
RFETS (DOE 1995). In addition, the Citizen’s Environmental Sampling Committee 

(CESC) conducted an off-site soil sampling study in 1993 and 1994. Background levels 
of cesium-137 were detected in some soil samples; however, this report concluded that 
“no evidence has been found to suggest that cesium-137 or strontium-90 were released 

during the operational period of the Rocky Flats Plant (CESC 1996).” Cesium-137 has a 
half life of 30.0 years. 
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Table 5.7 
Sediment AOIs Eliminated or Retained By Process Knowledge 

Radium-226 

Radium-228 

Cesium-137 is distributed in regional soils as a result of fallout from nuclear-weapons 
explosions (DOE 1995). In a September 2005 report summarizing the June 2005 aerial 
radiological survey of the site, the report concluded that the observed cesium-137 soil 
activity levels within the site were consistent with known worldwide fallout levels that 

have been measured throughout the United States and there was no indication that any of 
the cesium.137 deposition detected was due to past RFETS operations (DOE 2005e). 

Radium-226 was not retained as a sediment A01 because of the limited use of radium at 
Rocky Flats and the limited areal extent of total radium at the site. Information presented 
in the ChemRisk Task 1 Report (CDH 1991) concerning radium indicates that Ra-226, a 
daughter of uranium-238 decay, was used in small quantities for research, analysis, and 

calibration (e.g., sealed and plated sources). In addition, the only Ra-226 waste 
generated at RFETS, based on WEMS and WSRIC, was as sealed sources. However, 

Ra-226 could be potentially derived from both natural uranium present in the region and 
uranium metal fabrication and processing conducted at the site. Because of the limited 

quantity of Ra-226 used and its waste form, it was not carried forward through the 
ChemRisk Drocess (CDH 1991). 

Radium-228 was not retained as a sediment A01 because of the limited use of thorium at 
Rocky Flats and the limited areal extent of total radium at the site. Ra-228 was not 

identified in the ChemRisk Task 1 Report as a radionuclide used at Rocky Flats (CDH 
1991). Furthermore, no Ra-228 waste was reported to have been generated based on 

WEMS and WSRIC. However, thorium-232, the parent radionuclide for Ra-228, was 
used at RFETS to fabricate metal parts from thorium and thorium alloys in Building 881. 
Thorium and its compounds were also used in analytical procedures and other research 

and development programs in Building 771. It was concluded during the development of 
the ChemRisk reports that Th-232 was most likely released as airborne particulates and 
was not a significant component of airborne effluent (CDH 1991). Furthermore, Th-232 
was not used in significant quantities relative to other production radionuclides, thus, a 

source term was not developed for Th-232 during the ChemRisk evaluation. 
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Table 5.9 
Summary of the Sediment AOIs By Drainage Basin 

Walnut Creek, Woman Creek, Rock Creek, Lower Smart Ditch 

Walnut Creek, Woman Creek 

Woman Creek 

~~ ~ ~~ 

Arsenic 

Chromium 

~ ~~ 

Dibenz( a,h)an thracene 

Walnut Creek 

Woman Creek 

Woman Creek 

~ 

Silver 

Thallium 

Antimony 

Walnut Creek, Woman Creek 

Walnut Creek 

Plutoniumr239/240 

Uranium-238 

Walnut Creek I Americium-24 1 
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Figure 5.3 

Surface Water Drainage 
Basins 

Key 
0 Rodc Creek drainage basin 

0 Walnut Creek drainage basin 

0 Woman Creek drainage basin 

0 Lower Smart Ditch drainage basin 

Standard Map Features 

0 Pond - - Siteboundary - Perennial stream 
- Intermittent stream 
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. Topographic contour (20-foot) 
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Figure 5.4 
Surface Water AOI Screening Process 

List of Contaminants Evaluated 
PCBs 

Dioxins and Furans 
Herbicides 
Pesticides 
Fungicides 

v o c s  
s v o c s  
Metals 

Radionuclides 
Water Quality Parameters 

Evaluate each surface water analyte with 
the following screening steps: 

1 

I Analyte Eliminated 
as an AOI 

Does a surface water 
standard exist for each No < analyte?' 

Analyte Eliminated 
as an A01 

Is the maximum sample 
result above the No < background MPSD' 

A Screen 3 

Analyte Eliminated 
as an AOI 

Is the maximum sample 
result above the surface No < water standard? 

A Screen 4 
Is the frequency of 

detection above the surface < water standard 2 l%? 

Analyte Elimin 
as an AOI 

No 

lotes: 

If the practical quantitation limit (PQL) is higher than the surface water standard, the PQL is used as the comparison value. 

Background mean + two standard deviation values used to evaluate surface water nature and extent were developed as part of the Comprehensive Risk Assessment 
DOE, 2005b). For constituents (organic compounds, some inorganic, and some radionuclides) that do not have background values, it was assumed that detection of 
lese constituents above the analytrcal detection limit indicates their presence in the environment. 

DOE recognizes that process knowledge at RFETS is not perfectly known. However, process knowledge alone is not used to eliminate a constituent as an AOI. Other 
nalyte criteria such as its areal distribution relative to RFETS activities, its proximity to contaminant sources, accelerated actions performed to remove contaminant 
ource(s), and its natural occurrence and distribution in the environment are also considered when evaluating whether to retain or eliminate a constituent as an AOI. 
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Figure 5.5 

Carbon Tetrachloride 
Concentrations in Surface Water 
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Figure 5.6 

Chloroform 
Concentrations in Surface Water 
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Figure 5.7 

cis-l,2-Dichloroethene 
Concentrations in Surface Water 

Key 
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Figure 5.8 

Methylene Chloride 
Concentrations in Surface Water 
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Figure 5.9 

Tetrachloroethene 
Concentrations in Surface Water 

Key 
0 Sample collected since January 1,2000 

Sample collected between 
Januaryl, 1995and December31,1999 

A Sam le collected between June 28,1991 
and gecember 31,1994 

> Surface Water Standard 

0 Not applicable 

0 Detected and <= Surface Water 
Standard 

0 Not detected 

Standard Map Features 
0 IAOUboundary 
0 Pond 
- Perennial stream 
- Intermittentstream 

Ephemeral stream - Slte boundary 

0 1000 2000 Feet - 
Scale 1 :24,000 

State Plane Coordinate Projection 
Colorado Central Zone 

Datum: NAD 27 

U.S. Department of Energy 
Rocky Flats Environmental 
Technology Site 



758000 

756000 

754000 

752000 

750000 

748000 

746000 

744000 

742000 

2074000 2076000 2078000 2080000 2082000 2084000 2086000 2 0 8 8 0 0 0 2090000 2092000 2094000 

758000 

756000 

754000 

752000 

750000 

748000 

746000 

744000 

742000 

Figure 5.10 
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Concentrations in Surface Water 
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Vinyl Chloride 
Concentrations in Surface Water 
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Dissotved Aluminum 
Concentrations in Surface Water 
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Figure 5.13 
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Figure 5.14 

Total Chromium 
Concentrations in Surface Water 
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RCRA Facility In vestigation-Remedial Investigation/ 
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6.0 NATURE AND EXTENT OF AIR CONTAMINATION 

6.1- Introduction 
a 

The purpose of this section is to define the nature and extent of airborne contaminants at 
the Rocky Flats Environmental Technology Site (WETS or site) after completion of 
Rocky Flats Cleanup Agreement (RFCA) accelerated actions. Information regarding 
ongoing sources of contaminant emissions to air will be considered in evaluating final 
remedy alternatives. 

This section discusses historical airborne contamination sources, monitoring, and related 
studies. The following discussion is supported by and draws from the more detailed 
information in Section 3.0, Nature and Extent of Soil Contamination. 

Monitoring programs and other studies were conducted during both the production era 
and cleanup phase at WETS. Historical monitoring data are reviewed in Section 6.4. 
These data show that contaminant emissions and resulting ambient airborne 
concentrations during both the weapons production era and cleanup phase were always 
compliant with all regulatory requirements. With completion of accelerated actions, and 
consequently the removal of many historical air emissions sources, future WETS air 
emissions will likely be less than those in the past. 

6.2 

During the weapons production era at WETS, the major sources of airborne 

,Historical Air Contaminant Emissions Sources 

contamination comprised releases of radionuclides, volatile organic compounds (VOCs), 
and metals from stacks venting building processes and operations; conventional pollutant 
sources such as fuel combustion in boilers and generators, street sanding, traffic, 
refrigerant leaks, and fugitive dust from soil disturbance; and resuspension of 
contaminants deposited on surface soil by prior events (such as fires or leakage of 
radioactively contaminated oils and VOCs from drums stored at the 903 Pad). During the 
cleanup phase, building decommissioning and Environmental Restoration (ER) activities 
represented additional sources of emissions to air. These sources were eliminated or 
decreased as buildings were demolished and soil contamination was cleaned up. 

WETS released a variety of contaminants into the air from these sources. These 
contaminants included the six “criteria” pollutants, or their precursors, for which the U.S. 
Environmental Protection Agency (EPA) has established National Ambient Air Quality 
Standards in Title 40 of the Code of Federal Regulations (CFR), Part 50: sulfur dioxide 
(SOZ), nitrogen oxides (NO,), particulate matter (PM), VOCs (regulated as a precursor to 
ozone), carbon monoxide (CO), and lead. Radioactive particles and tritium, a gaseous 
pollutant, were also released, along with ozone-depleting substances (ODs) and a number 
of hazardous or toxic contaminants. 

A summary of both past and ongoing air emissions sources at WETS is provided in 
Table, 6.1. a 
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6.3 Data Sources 

The data reviewed in this section were drawn from a number of sources. These include 
both ambient and effluent radionuclide monitoring conducted by DOE and their 
contractors at WETS, monitoring for VOCs conducted at the fenceline of WETS by the 
Colorado Department of Public Health and Environment (CDPHE), a special purpose 
VOC monitoring program conducted by WETS in the Industrial Area (IA) in 1995-1 996, 
and project-specific beryllium monitoring conducted by WETS during decommissioning 
of specific buildings on site with historical beryllium usage. In addition, modeling has 
been performed for landfill emissions using EPA methods to determine probable landfill 
gas emissions. 

Data adequacy and quality have been reviewed for the WETS radionuclide and 
beryllium monitoring and this discussion is contained in Attachment 1 to this section. . 
Other data used to determine pollutants of potential concern for air were derived fiom 
published sources and the data adequacy/quality of those investigations is not reviewed 
here. Attachment 2 to this section cktains the WETS data used to determine the nature 
and extent of air contamination. 

6.4 

This section discusses the air pollutant sources that have historically operated at WETS . 

and the pollutants that have been emitted. The information provided serves as a 
screening process to determine which sources and analytes, if any, should be evaluated 
further to quantify their nature and extent following completion of accelerated actions. 

6.4.1 Radionuclide Sources 

Identification of Air Pollutants of Potential Concern 

Radionuclide emissions to air have historically included releases from radionuclide 
processing and waste handling, emitted through building stacks and vents; releases 
caused by mechanical disturbance of contaminated soil or debris during project activities, 
including ER and decommissioning projects; and resuspension of contaminated surface 
soil by wind. Plutonium-239/240 and americium-241 were deposited on surface soil at 
WETS by waste management practices (for example, release from stored waste at the 
903 Pad) or by emissions from building stacks and vents (from accidental releases caused 
by building fires, as well as routine emissions). Wind or mechanical disturbance of the 
contaminated soil resulted in radionuclide-laden soil particles becoming airborne. These 
suspended particles were transported some distance downwind before being redeposited 
on the ground or in water by a variety of mechanisms that remove particles from the air, 
such as rainout or dry deposition. Concentrations of plutonium and americium in surface 
soil are low, with the aerial extent of surface contamination extending generally from the 
IA in decreasing concentrations eastward. Uranium contamination in surface soil is also 
present but, unlike plutonium and americium, is not widespread and exists in small, 
localized areas (see Section 3.0, Nature and Extent of Surface Soil Contamination). 

A large-scale, continuous environmental air monitoring program for radionuclides has 
been conducted at WETS since 197 1. The program was designed to quantify potential 
public exposure to radionuclides as a result of WETS activities, and to determine . 
compliance with applicable regulatory limits. It included two distinct tasks: effluent 
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monitoring, accomplished through the continuous extraction of entrained particulate 
matter from exhaust ducts of buildings with significant potential to release radionuclides; 
and ambient monitoring, accomplished through the continuous collection of airborne 
particulate matter at representative locations on and around WETS. Limited effluent 
monitoring for tritium was also conducted for many years but was discontinued in 
November 2000 because no potential tritium sources remained at WETS. Effluent 
monitoring was discontinued at all locations as the buildings where effluent monitoring 
was conducted were decommissioned and demolished. W E T S  ambient data used to 
determine the nature and extent of air contamination are included on a CD-ROM as 
Attachment 2 to this section.) 

Radionuclide emissions from WETS are subject to 40 CFR Part 61, Subpart H, 
“National Emission Standards for Emissions of Radionuclides Other than Radon From 
Department of Energy Facilities” (Colorado Air Quality Control Commission [CAQCC] 
Regulation No. 8, Part A, Subpart H) (EPA 1989). Since 1998, 14 ambient air samplers 
arrayed around the WETS perimeter have been used to demonstrate compliance with the 
emission limits of 40 CFR 61, Subpart H. Filters were exchanged monthly and analyzed 
for the plutonium, americium, and uranium isotopes of interest. The maximum measured 
monthly off-site dose rates for 1999 through 2004, presented as a percentage of the 10- 
millirem (mrem) annual dose limit in 40 CFR 61, Subpart H, are shown on Figure 6.1 
(see Attachment 2). On an annual basis, maximum measured radionuclide 
concentrations, including uranium isotopes that are largely naturally occurring in the 
environment, totaled less than 3 percent of the annual dose limit between 1998 and 2004. 
Cleanup of surface soil contamination and completion of radionuclide processing, waste 
handling, and decommissioning has lessened this dose potential even more (DOE 1999, 
2000,2001,2002a, 2003a, 2004a). Although the off-site dose rate is highest in year 
2003, while substantial cleanup efforts were occurring at WETS, the elevated dose does 
not appear to be related to WETS activities. Instead, the sampler at which the elevated 
dose rate occurred is located north of the site, adjacent to a dirt road that saw increased 
levels of traffic due to residential and commercial development in the area. The’traffic 
stirred up dust containing naturally occurring uranium isotopes, which drove up ambient 
concentrations measured by the sampling device. 

Ambient samplers were also used to monitor fbgitive radionuclide emissions from 
decommissioning, demolition, and ER activities. In addition to the perimeter compliance 
demonstration network, for many years WETS operated an internal network of samplers 
in and around the IA during project activities that could result in radionuclide emissions 
(see WETS Quarterly Environmental Monitoring Reports for October-December 2001 
and later for project monitoring results; for example, DOE 2002b). The measurements 
indicate that WETS has remained in compliance with all regulatory requirements even 
during periods of substantial decommissioning and ER activities. For example, an 
approximate 7-year record of radionuclide concentrations (1 997 - 2003) at a sampler 
located downwind of the 903 Pad shows annual average dose rates three orders of 
magnitude below the 40 CFR 6 1, Subpart H, 1 0-mrem benchmark, with peak monthly 
dose rates two orders of magnitude below the IO-mrem level, even though this standard 
only applies beyond the WETS fenceline, 2 to 3 kilometers beyond this sampling 
location (see data for sampler S-107 in Attachment 2 to this section). Both off-site and 

. 

1 
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on-site measurements have been reported at quarterly data exchange meetings with EPA 
and CDPHE staff and representatives from surrounding,municipalities. These results are 
documented in the WETS Quarterly Environmental Monitoring Reports (for example, 
DOE 2003b). 

Section 6.0 
Nature and Extent ofAir Contamination 

6.4.2 Landfill Sources 

Both the Present Landfill and Original Landfill (OLF) represent potential sources of VOC 
and hazardous air pollutant (HAP) emissions primarily due to the decomposition of 
buried, decomposable waste. Decomposition of waste, along with possible volatilization 
of certain constituents and/or chemical reactions within the waste, generates landfill gas 
(LFG). Methane and carbon dioxide (COz) are the primary constituents of LFG, and are 
produced by microorganisms within the landfill under anaerobic conditions. LFG 
generation proceeds through several phases as the waste “ages,” and the gas composition 
changes with each phase. Typically, LFG also contains a small amount of nonmethane 
organic compounds (NMOCs). NMOCs can contain various HAPS, greenhouse gases, 
and compounds associated with stratospheric ozone depletion. The NMOC fraction also 
contains VOCs. Maximum VOC and HAP emission potential occurs at the time waste is 
last placed in a landfill and shortly thereafter; emissions fiom waste decomposition 
decrease with time as the waste decays. 

6.4.2.1 Present Landfill 

The Present Landfill is located in the No Name Gulch drainage and occupies 
approximately 20 acres. It was placed into service in August 1968 for the disposal of 
solid wastes, including office trash, paper, rags, personal protective equipment (PPE), 
construction and demolition debris, scrap metal, empty waste containers, used filters, and 
electrical components. Although originally planned as a sanitary landfill, refuse disposed 
of also included materials containing polychlorinated biphenyls (PCBs); combustible 
materials contaminated with small amounts of beryllium; containers partially filled with 
paints, solvents, and foam polymers; Kimwipes and rags contaminated with organic 
compounds; metal cuttings and shavings (primarily stainless steel); tear gas powder; a 
tank containing MercaptanTM (an odor additive to natural gas); a drum of solidified 
polystyrene resin; soil contaminated with approximately 700 gallons of diesel fbel; wood 
contaminated with chromium and aluminum oxide; and unknown chemicals and reactive 
chemical residues. Wastes with hazardous constituents ceased to be disposed of in the 
landfill by fall of 1986. Sludge from the sanitary waste treatment plant was routinely 
disposed of at the Present Landfill from August 1968 through May 1970, and may have 
contained low levels of plutonium and depleted uranium (DOE 2004b). 

Wastes delivered to the landfill were spread across the work area, compacted, and 
covered with a daily soil cover. From 1968 to 1978, the landfill received approximately 
20 cubic yards (cy) of compacted waste per day. The Present Landfill remained in 
operation until March 1998, at which time it was placed in a contingent closure status and 
seeded to stabilize soil and control erosion. The volume of material in the landfill at the 
time it became inactive was estimated at 415,000 cy, including any daily soil cover 
incorporated as the waste was placed (DOE 2004b). 
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A RFCA accelerated action at the Present Landfill to install a landfill cover was 
completed in 2005. Barometric gas vents were placed into the landfill prior to placement 
of the final cover to allow pressure equalization (DOE 2004b). These vents represent a 
preferred pathway for LFG migration to the atmosphere. The rate of gas generation and 
release is a function of the waste composition in the landfill, waste volume, and age of 
the landfill. 

0 

In 2002, EPA's Landfill Emissions Model Version 2.0 (LANDGEM) was used to 
calculate total landfill gas emissions. Model results indicated relatively low rates of LFG 
generation, with the majority (approximately 80 percent) of methane and total LFG 
production occurring by 2025, and almost all potential production occumng by 2075 

appropriate arid area methane rate constant than was used in the 2002 modeling (see 
Attachment 2). The model-estimated peak year LFG generation rate (1998) was 
approximately 288,200 cubic meters per year (1 9.5 cubic feet per minute [cfin]). 

. (K-H 2002). Gas generation calculations were revised for this section assuming a more 

LANDGEM was also used to estimate emissions of NMOCs. The calculation assumed a 
conservative default NMOC concentration in the landfill gas from EPA's Compilation of 
Air Pollutant Emission Factors (AP-42) (EPA 1995). Peak year (1 998) NMOC emissions 
were estimated at approximately 2.5 megagrams per year (Mg/yr) (approximately 2.8 
tons per year). Note that emissions of LFG are not the target of regulation under the 
federal Clean Air Act (CAA) because the principal components, methane and CO2, are 
neither toxic nor precursors to other regulated pollutants, such as ozone or PMlo. CAA 
regulations instead focus on controlling or limiting emissions of certain trace components 
of LFG, such as NMOCs, that may include toxic contaminants or promote secondary 
pollutant formation. 

Municipal solid waste landfill air emissions are regulated under 40 CFR 60, 
Subparts WWW and Cc (New Source Performance Standards and Emission Guidelines, 
respectively) (EPA 1996a, 1996b). These regulations apply to new landfills 
(Subpart WWW) and existing landfills (Subpart Cc). The applicability of these standards 
to the Present Landfill was evaluated in 1997 when these regulations became effective. 
Subpart Cc, which would apply to existing units such as the Present Landfill, applies to 
municipal solid waste landfills constructed or modified before May 30, 1991, which have 
design capacities greater than or equal to 3.3 million cy. The maximum design capacity 
of the Present Landfill was determined to be 571,000 cy, well below the 3.3 million cy 
threshold. CDPHE was notified of the nonapplicability of this regulation on July 10, 
1997 (DOE 1997). 

For perspective, Subparts WWW and Cc only require emission controls for landfills 
meeting the above criteria that also have NMOC emissions exceeding 50 Mg/yr. The 
calculated emission rate from the Present Landfill in 1998 was only 2.5 Mglyr, far below 
the control threshold. Because the maximum VOC and HAP emission potential occurs at 
the time the waste is last placed into the landfill and shortly thereafter, emissions from 
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waste decomposition decreases with time as the waste decays. Consequently, hture 
emission rates will be even lower, supporting the contention that airborne emissions fiom 
the Present Landfill do not pose a threat to health or the environment.' 

6.4.2.2 Original Landfill 

Between 1952 and 1968, approximately 74,000 cy of solid sanitary waste and 
construction debris were placed in the OLF. The landfill was not designed or operated as 
an engineered landfill. The waste material was covered with a soil layer after disposal 
operations ceased. Accurate and verifiable records of the waste placed in the landfill are 
not available; however, the types of waste that may have been placed in the landfill 
include relatively small quantities of organic compounds, paint and paint thinner, oil, 
pesticides, and cleaners, as well as municipal-type solid waste. 

Organic compounds commonly used from 1952 to 1968 may have included 
trichloroethene, carbon tetrachloride, tetrachloroethene, petroleum distillates, 1 , 1 , 1 - 
trichloroethane, dichloromethane, and benzene. In the 1960s, the landfill may have 
received PCB wastes such as carbonless copy paper, transformer and vacuum pump 
cleanup paper and rags, small capacitors, and fluorescent light bulbs. Metals such as 
beryllium, lead, and chromium may also have been placed in the landfill (DOE 2004~). 

Activities listed for the landfill in October 1954 included its use as a bum pit for the Plant 
(EG&G 1992). Ash from the Plant incinerator, graphite, used caustic drums, and general 
trash may have been dumped in the bum pit; however, no records of waste types have 
been found. In 1995, geotechnical investigations were conducted at the OLF and the fill 
material encountered was described, including sheet metal, wood, broken glass, plastic, 
rubber, metal shavings, graphite sand, solid blocks of graphite, concrete, asphalt, and 
portions of 55-gallon steel drums. Street cleaning wastes were also apparently dumped at 
the OLF area (DOE 2004~). 

There is no information indicating that the OLF was used for routine disposal of 
radioactive material or other hazardous substance waste streams. During the period of 
operation of the OLF, several other areas within RFETS were used for the management 
and disposal of hazardous Plant wastes, including radioactive waste. Various controls 
and practices were used to segregate and manage radioactive wastes separately fiom 
Plant sanitary waste and construction debris (DOE 2004~). 

EPA's Compilation of Air Pollutant Emission Factors (AP-42) (EPA 1995) describes 
methods to calculate methane and NMOC emissions fiom landfills using a theoretical 
first-order kinetic model of methane production developed by EPA (the same 
methodology employed by the LANDGEM model discussed above). Using 74,000 cy of 
waste, arid area default values for methane generation potential and methane generation 

LFG was also evaluated in the Final Interim Measurehterim Remedial Action ( IMRA) for Individual 
Hazardous Substance Site (IHSS) 114 and Resource Conservation and Recovery Act (RCRA) Closure of 
the RFETS Present Landfill (DOE 2004b). 

I 
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rate constant, and assuming co-disposal of hazardous wastes (worst-case assumption), the 
equations yield an estimated LFG productiodemission rate of 14 cfin for 1968. NMOC 
emissions of 4 Mg/yr were estimated for the same time period (see Attachment 2 to this 
section). 

These emissions probably represent substantial overestimates because much of the 
disposed material was not organic (that is, would not generate LFG) and hazardous 
wastes were not routinely disposed of in the OLF. The Operable Unit (OU) 5 Phase I 
Resource Conservation and Recovery Act (RCRA) Facility InvestigatiodJZemedial 
Investigation (RFI/RI) concluded that the OLF does not generate hazardous 
concentrations of LFG, so no gas collection or treatment action is required (DOE 2004~). 
-As with the Present Landfill, the OLF is not subject to 40 CFR 60, Subpart Cc, because 
its design capacity is below the threshold level of 3.3 million cy. The estimated peak 
year NMOC emission rate (less than 4 Mg/yr) is also well below the control threshold 
(50 Mg/yr). As stated earlier, because the maximum VOC and HAP emission potential 
occurs at the time the waste is last placed into the landfill and shortly thereafter, 
emissions from waste decomposition decreases with time as the waste decays. 
Consequently, current and future methane and NMOC emissions will be less than those 
that occurred at the cessation of routine disposal operations in 1968. Thus, airborne 
emissions fi-om the OLF do not pose a risk to health or the environment.* 

0 

6.4.3 Subsurface VOC Sources 

VOCs such as carbon tetrachloride and 1,l , 1 -trichloroethane were used at RFETS as 
solvents, cleaning agents, and so forth, in support of weapons component manufacturing. 
Their use, storage, handling, and disposal at RFETS created some areas of known VOC 
contamination in soil. Areas of VOC-contaminated soil have been addressed through 
RFCA accelerated actions or, after evaluation in accordance with RFCA, determined to 
qualify for No Further Accelerated Action (NFAA). 

0 

A study of ambient airborne VOC concentrations in the IA was undertaken in June 1995 
and completed in August 1996. Details of the study design can be found in the Final 
Interim Measurehterim Remedial Action (IM/IRA) Implementation Plan for the Rocky 
Flats IA (DOE 1995). Study results can be found in the Annual Report, IM/IR4 for the 
Rocky Flats IA (RMRS and K-H 1997). The airborne VOC data were evaluated to 
determine whether there may be evidence that unidentified VOC contamination exists as 
a potential source of airborne VOC emissions. The study tested for 3 1 different 
hydrocarbons known or believed to exist at RFETS. Of these, eight compounds were 
detected; one of these, acetone, is neither a HAP nor a VOC, and has no significance 
fi-om an air quality perspective. The data fiom this study are considered a conservative 
snapshot of RFETS’s VOC emissions potential for the following reasons: 

* LFG was also evaluated in the DraA IWIR4 for IHSS Group SW-2, IHSS 1 15, Original Landfill and 
IHSS 196, Filter Backwash Pond, IHSS 196 (DOE 2004~). 

\? 
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They were collected at a time when WETS still maintained an inventory of VOC- 
containing solvents, cleaners, and so forth, which have since been removed. 

Less soil remediation had been completed than is currently the case. 

It is expected that a greater mass of VOC soil contamination existed at the time 
(that is, some amount has volatilized since then), resulting in a higher emissions 
potential than at present. 

For comparison, ambient air concentration data for VOC HAPs were obtained for nearby 
sampling locations. Table 6.2 presents the results of this data assembly. The 1998 
CDPHE ambient average data are fiom five samplers located around the perimeter of 
WETS (designated X-1, X-2, X-3, X-4, and X-5). The sampler locations are shown on 
Figure 6.2. 

Quality assurance (QA) samples included as part of the study indicated that cross- 
contamination or insufficient cleaning of some of the sample canisters may have 
contributed to elevated results for acetone, toluene, and 1,l ,I-trichloroethane throughout 
the project (RMRS and K-H 1997). Also, several of the detected compounds, including 
benzene, toluene, and xylene, are common constituents of automobile exhaust and are 
often present at detectable concentrations throughout the Denver airshed (CDPHE 2004). 
Finally, it should be noted that there was a known carbon tetrachloride source at WETS 
that had not been remediated at the time of the study, but was remediated in 2004. 

Table 6.2 also lists available toxicological benchmark levels, as well as background 
levels for pollutants included in EPA’s 1996 National-scale Air Toxics Assessment 
(NATA) (EPA 2004). Average VOC HAP concentrations measured in the IA study were 
below detection levels for all compounds; therefore, no average concentrations are shown 
in Table 6.2. The maximum values from the WETS study are 24-hour averages and are 
best compared to the short-term (acute) toxicological reference levels shown. Annual 
average concentrations from the CDPHE samplers located at the site perimeter may be 
compared with the chronic benchmarks to indicate the significance of VOC HAPs to 
which the general public may be exposed (including any WETS-derived HAPs and 
HAPs from other regional sources). 

Several conclusions can be drawn from the data. (Note that this discussion excludes 
acetone, because it is neither a HAP nor a VOC.) First, the €WETS data, consisting 
largely of nondetects, reveal no significant persistent sources of VOC HAP emissions in 
the IA at the time of the study. Maximum 24-hour concentrations measured were orders 
of magnitude below any of the short-term toxicological benchmark levels and no adverse 
short-term health effects would be expected at these levels. 

Second, the longer-term CDPHE data show VOC HAP concentrations due to all sources 
at the WETS perimeter close to or below background levels for pollutants included in the 
NATA study. EPA defines “background” levels as contributions resulting from natural 
sources, persistence in the environment of past years’ emissions, and long-range transport 
from distant sources. In other words, background concentrations represent levels of 
pollution expected even if there had been no recent mankade emissions (EPA 2004). 0 
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Where applicable, measured HAP concentrations at the WETS perimeter were also well 
below chronic inhalation effect levels published by various sources. CDPHE ceased 
sampling for VOCs at the WETS perimeter in July 2001, citing low measured levels of 
contaminants and noting that the VOCs that were measured “appear to be mainly motor 
vehicle emissions, rather than Rocky Flats plant emissions” (CDPHE 200 1). 

Based on the available ambient air monitoring data and the current knowledge of VOC 
contamination that remains at WETS, no significant sources of VOC emissions remain 
following completion of accelerated actions. 

Section 6.0 
Nature and Extent ofAir Contamination 

0 

r 

6.4.4 Beryllium 

The health effects of beryllium exposure in sensitive individuals have been well 
documented and the U.S. Department of Energy (DOE) Chronic Beryllium Disease 
Prevention Program rule, 10 CFR 850, establishes beryllium exposure limits and other 
requirements for WETS workers. Beryllium is a HAP and EPA has promulgated 
beryllium emission limits for certain beryllium industry categories in 40 CFR 61, 
Subpart C. Unlike certain radioactive materials at WETS, however, beryllium 
contamination was largely confined to building and equipment surfaces in areas where 
beryllium was processed, stored, or used and where beryllium-contaminated waste was 
managed. Soil and other environmental media at WETS do not show significant levels 
or aerial extent of beryllium contamination; therefore, with the completion of accelerated 
actions, no significant source of airborne beryllium emissions exists. It is important to 
note, however, that regional soils contain small amounts of naturally occurring beryllium, 
which will continue to be suspended in dust following closure. 

0 

0 
DOE implemented project monitoring for beryllium in ambient air during 
decommissioning and demolition of facilities with a history of significant beryllium 
operations at WETS (that is, Buildings 4441447,865, and 883). The scope of project 
monitoring is described in the Integrated Monitoring Plan (IMP) Background Document 
(DOE et al. 1997) and the Final Sampling and Analysis Plan (SAP) for Quantification 
and Characterization of Potential Beryllium Release to the Ambient Air During Building 
Demolition at the Rocky Flats Environmental Technology Site (URS Group 2001). 
Ambient monitoring performed around two demolition operations (Buildings 1 1  1 and 
865) serves to quantify expected levels of airborne beryllium during and following 
accelerated actions (beryllium monitoring data are contained in the WETS monitoring 
data included in Attachment 2). 

Building 1 1 1 was demolished dining November and December 2001. The building was 
not contaminated with beryllium; rather, the demolition provided an opportunity to 
establish “baseline” levels of beryllium in WETS air. (As noted above, beryllium occurs 
naturally in the WETS environment in small amounts.) Beryllium concentrations were 
measured using six ambient air samplers arrayed in a circular fashion around 
Building 1 1 1 ,  as close as possible to the demolition considering neighboring buildings 
and roads. Beryllium samplers ran 8 to 10 hours per day during project activity, with the 
filters exchanged and analyzed daily. The results were statistically distinguishable from 
zero and from the minimum detectable level, demonstrating that the sampling and 
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analysis protocols. were adequate to reliably quantify beryllium in ambient air at and 
below concentrations of interest. 

The mean beryllium concentration for all six locations (30-day average) was 1.7 x 
micrograms per cubic meter (pg/m3). An appropriate benchmark for comparison is 
contained in the ‘Wational Emission Standard for Beryllium” (40 CFR 61 , Subpart C), 
which limits ambient beryllium concentrations in the vicinity of a source subject to the 
standard to 1 .O x lo-* pg/m3 as a 30-day average (EPA 1973). (Note that no WETS 
sources existing at the time of this monitoring study, including building demolition, were 
subject to this regulation because the regulation only applies to certain specific source 
types. The concentration limit, however, provides an appropriate benchmark 
concentration for comparison because it has been established by EPA at levels designed 
to protect public health.) Measured concentrations around Building 1 11 demolition 
indicated a qualitative correlation to the dustiness of the air around the project and to 
stronger winds, with environmental beryllium being detected even prior to demolition 
activity. The resulting baseline concentrations established by this monitoring program 
are likely to be representative of airborne beryllium concentrations following completion 
of accelerated actions. 

+ 

Beryllium monitoring was also performed during demolition of Building 865 and during 
removal of the slab. Building 865 was part of the WETS research and development 
program. The building housed metalworking equipment for the study of nonplutonium 
metals and the development of alloys and prototype hardware. Operations included 
metalworking, machining, and metallurgical laboratory operations. Beryllium 
contamination occurred from operations involving mixing beryllium powders with other 
metals and compressing them into shapes, casting and heat-treating furnaces, and 
beryllium electrorefining. 

A six-sampler network was employed to measure ambient airborne beryllium 
concentrations during Building 865 demolition and slab removal between July 2 1 , 2003, 
and December 12,2003. The sampling schedule included a baseline sampling period 
prior to the start of demolition, a brief pause between building demolition and slab 
removal, and baseline confirmation sampling following completion of slab removal. 
Some results greater than the predemolition baseline were observed; however, no results 
approached or exceeded the EPA benchmark concentration of 1 .O x lo-* pg/m3 30-day 
average. These results confirmed that project controls were effective in minimizing the 
migration of beryllium contamination from the building and slab removal. The mean 
airborne beryllium concentration measured over the project was 1.2 x 1 O4 pg/m3, with a 
maximum measured concentration of 3.7 x 10” pg/m3. Measured concentrations were 
consistently an order of magnitude lower than the 40 CFR 61 , Subpart C benchmark, 
indicating beryllium in air will not be a concern following completion of all building 
demolitions and accelerated actions. 

6.4.5 Other Contaminants 

A variety of other air pollutants and emission sources at WETS were historically subject 
to federal and state regulations. Regulated sources included the steam plant boilers; 
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diesel-, ~gasoline-, and natural gas-fired equipment such as generators and compressors; 
vehicle refueling operations; sanitary landfill construction and operation; paint spray 
booths; sanitary waste filter press; the Building 776 Supercompactor; the Building 374 
Spray Dryer; aggregate storage piles; tanks containing volatile substances; open burning 
activities; ODS releases from refiigerant leaks and maintenance operations; and fugitive 
dust emissions fiom earthmoving activities and other mechanical disturbances. 

Section 6.0 
Nature and Extent of Air Contamination 

In addition to radionuclides, airborne emissions of ODs, CO, NO,, S02, VOCs, and PMlo 
have been regulated at WETS. Maximum potential WETS emissions of other 
pollutants, such as a number of CAA HAPS and Colorado “noncriteria reportable” 
pollutants, were historically emitted in such small amounts that specific regulatory 
requirements were not triggered. 

Regulatory requirements applicable to WETS emission sources included submitting Air 
Pollutant Emission Notices (APENs) for new emission units or activities with emissions 
above a reporting threshold; obtaining construction permits for nonexempt new or 
modified activities; and obtaining a site-wide Title V operating permit. An operating 
permit is required for all sources with potential emissions above certain thresholds. In 
WETS’S case, potential emissions of NO,, primarily from the steam plant boilers and 
diesel-fired equipment, exceeded 100 tons per year, the applicable operating permit 
threshold, at the time that operating permit applications were due in 1996. RFETS’s 
Title V operating permit (received July 1,2002) was revised as decommissioning 
proceeded and sources of regulated emissions were removed fi-om the site. The permit 
was retained as long as the aggregate potential NO, emissions from diesel-fired 
equipment exceeded the 1 00-ton-per-year threshold. With completion of accelerated 
actions, activities covered by MENS and permits have been removed or shut down, and 
the MENS and permits have been cancelled. No sources remain that require MENS or 
permits. 

6.5 Nature and Extent of Air Contamination 

With the completion of accelerated actions under RFCA, sources of ongoing emissions to 
air include the following: 

Resuspension of residual radioactive ‘contaminants attached to surface soil 
particles; and 

Volatilizatiodrelease of VOCs from residual subsurface contamination and the 
closed landfills. 

However, as described in Site Background (Section l.O), sources of radionuclide and 
VOC contamination were removed during accelerated actions conducted pursuant to 
RFCA. Former processing and waste storage buildings have been decommissioned, 
decontaminated, and demolished. Soils have been evaluated in accordance with risk- 
based action levels (ALs) established in RFCA Attachment 5, Action Levels and 
Standards Framework for Surface Water, Groundwater, and Soils (ALF) (DOE et al. 
1996), and have either been cleaned up in accordance with ALF or determined to be 
subject to NFAA. As described in Section 6.4.3, VOC emissions are rapidly decreasing . 
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and present no health or environmental concerns at present and future levels in ambient 
air. 

Section 6.0 
,Nature and Extent ofAir Contamination 

Airborne radionuclide contamination following completion of accelerated actions is 
primarily caused by resuspended plutonium or americium in surface soil, because these 
substances were dispersed on and off RFETS by wind. The screening process carried out 
in this section identified only resuspended plutonium, americium, and uranium from 
surface soils as air pollutants of potential concern worth quantifying further, primarily 
because their long-radioactive half-lives means they will persist in the environment and, 
therefore, represent an ongoing source of potential emissions in the future. 

Accelerated actions have removed surface soil contaminated with plutonium, americium, 
or uranium above the ALF soil ALs, greatly limiting potential future emissions. 
However, the diffuse, remnant contamination in surface soil will continue to result in 
small amounts of radionuclide particles in air due to the ongoing resuspension and 
movement of soil (fugitive dust) by wind, such as occurs on all open lands along the 
Front Range of Colorado. The remaining areas of plutonium, americium, or uranium 
contamination above background levels are described in more detail in Section 3.0, 
Nature and Extent of Soil Contamination. Ongoing emissions of plutonium, americium, 
and uranium from the remaining areas with actinide contamination above background 
levels are fbrther evaluated in Section 7.0 of this report to quantify airborne 
concentrations. 
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Table 6.1 
Summary of Air Emissions Sources of Historical Interest and Current Status 

Radionuclide processingloperations 
and waste handlinglstorage 
Radionuclide surface soil 
contamination (resuspension by wind) 

Tritium 

Beryllium processingloperations and 
waste handlindstorage 
Environmental restoration 

Decommissioninghuilding demolition 

Landfills 

VOC soil contamination 

Pu, Am, U 

Pu, Am, U 

' Tritium 

Be 

Pu, Am, U 
v o c s  

PWMlO 
CO, NO,, SO;?, VOCS, PMlo 

(from construction equipment 
and traffic) 
Pu, Am, u 
PMJPMlO 

CO, NO,, S02, VOCS, PMlo 
(from construction equipment 

and traffic) 
VOCs, HAPs 

LFG (methane and C02) 
VOCs. HAPs 

Point soiuce emissions 
from stacks and vents 

Fugitive emissions 

Primarily point source 
emissions from stacks and 

vents 
Point source emissions 
from stacks and vents 
Fugitive and tailpipe 

emissions 

Fugitive and tailpipe 
emissions 

Fugitive emissions 

Fugitive emissions 

completion of accelerated actions 
Minor continuing emissions from 
residual soil contamination below 

No potential sources remain (since at 
least 2000) 

1 RSALs 

No potential sources remain following 
completion of accelerated actions 

No potential sources remain following 
completion of accelerated actions 

No potential sources remain following 
completion of accelerated actions 

Minor continuing emissions below 
regulated levels 

Minor continuing emissions from 
residual contamination below A L s ;  

past sampling during period of higher 
potential emissions shows ambient 

levels below levels of concern 

No 

Yes 

No 

No 

No 

No 

Yes 

Yes 
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Table 6.1 
Summary of Air Emissions Sources of Historical Interest and Current Status 

Fuel combustion, gasoline dispensing, 
paint spray booths, tanks,  refrigerant 
leaks, open burning, and so forth 

(traffic, soil disturbances, stockpiles, 
street sanding, and so forth) 

CO, NO,, SOz, PMlo, VOCs, Both point source and 
HAPS, ODS fugitive emissions 

remain following completion of 
accelerated actions; assuming no 

significant soil disturbing activities in 
future 

No regulated sourcedsources 
requiring permits or APENs remain 
following completion of accelerated 

actions 

level if soil is 
mechanically 
disturbed, or 
from vehicle 

' operations 
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No 

Notes: 
Am 
APEN 
co 
EPA 
LFG 
NOx 
P W M l O  
RS AL 
U 

americium 
Air Pollutant Emission Notice 
carbon monoxide 
U.S. Environmental Protection Agency 
landfill gas 
nitrogen oxides 
particulate matterlfine particulate matter 
Radionuclide Soil Action Level 
uranium 

AL 
Be 
COZ 
HAP 

ODS 
Pu 
SO2 
voc 

Action levels 
beryllium 
carbon dioxide 
hazardous air pollutant; as used here, includes 
Colorado noncriteria reportable pollutants 
ozone-depleting substance 
plutonium 
sulfur dioxide 
volatile organic compound 



I 

1.1.1 -Trichloroethane 

1,1,2-Trichloroethane 

Carbon tetrachloride 

Methylene chloride 

Benzene 

Toluene 

Xylene (m,p) 

Table 6.2 
Results Summary - 1995-1996 WETS Ambient HAP Sampling 

- - ATSDR MRL: 2,000 0.06 f 0.2 Cal REL 183 - 1 1- 1 1- Cal REL 12,500 
ACGIH TLV: 10,000 
OSHA PEL: 10,000 

ATSDR MRL: 200 
Cal REL 300 

ATSDR MRL: 600 

ATSDR MRL: 50 

ATSDR MRL: 1,000 
Cal REL 9,800 

ATSDR MRL: 1,000 
Cal REL: 5,050 

- - - - - 1 1- 1 1- 

ATSDR MRL: 30 
Cal REL 6.4 

Background 0.14 
ATSDR MRL: 300 

Cal REL: 4,000 Background: 0.04 
Chronic Inhalation RfC: 9.3 

Cal REL: 400 Background: 0.15 
ATSDR MRL: 80 

Chronic Inhalation RfC: 105 
ATSDR MRL 100 

Chronic Inhalation RfC: 22.7 

21- - 21- - - 0.13 f 0.04 

- 1 1- - - - 0.05 f 0.13 

0.18 f 0.09 

- 41- 31- 51- - 0.31 f 0.18 

31- - - 21- 31- 

- 1 1- - - 0.10 f 0.08 - 

ACGIH = American Conference of Governmental Industrial Hygienists OSHA = Occupational Safety and Health Administration 
PEL = Permissible Exposure Level PPb = parts per billion ' 

RfC = Reference Concentration TLV = Threshold Limit Value 
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Figure 6.1 
Maximum Monthly Measured Off-Site Dose Rates for 1999-2004 

Off-Site 
1999: 1.45% 
2000: 1.30% 
2001: 1.28% 

E 2003: 2.52% 
2004: 1.56% 27.00 - 

8.00 Dose Rate Summary 2002: 1.55% 
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Note: “Off Site” refers to locations outside current WETS property fenceline. 
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